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METHODS FOR MODULATING METABOLIC PATHWAYS OF MICRO-ORGANISMS AND MICRO- 
ORGANISMS OBTAINABLE BY SAID METHODS 



The present invention relates to the field of biotechnology, 
in particular to the field of culturing micro -organisms, -in 
particular yeast. 

5 Culturing of micro-organisms is a relatively old technique 
which is well established and well understood by persons 
skilled in this art. It usually involves bringing a micro- 
organism of interest into a culture medium wherein it can 
survive, grow and divide. The culture medium usually 
10 comprises all the necessary nutrients for the micro-organism 
to be able to do this. 

Micro-organisms are cultured for many different purposes. 
These include the production of biomass, the production of 

15 antibiotics, the production of useful proteins expressed by 
micro-organisms (be it naturally or through genetic 
engineering) , the production of micro-organisms useful 
themselves (for instance in brewing or baking bread, 
leavening of dough, etc.) Because of its relatively long 

20 history and its maiiy uses the ' techniques for culturing micro- 
organisms have been very well- optimised, so that further 
gains in yield or growth rate of the micro-orgcuiism to be 
dultured are difficult to : achieve. However, because of the 
cost of culturing micro -orgcuiisms and .t^e large amounts 

25 needed, such in^rpveriients (however small percent age- wise)... 
remain very desirable 1 ' 

One of the problems of culturing micro-organisms is that they 
often show preference for certain carbon sources, which 
3 0 carbon soxirces do not result in the best yields and/or growth 
rates of the micro-organism. Often the availability of such a 
preferred carbon source will lead to repression of the 
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metaboliam of other available carbon sources, (which other 
carbon sources often do result in higher yields) . 
For instance, S. cerevi si a e', as many other micro-organisms, 
shows marked preference^ for certain sources of carbon, 
nitrogen and energy. One such preference concerns the use of 
glucose above other fermentable and non- fermentable carbon 
compounds (see .1,2) . This behaviour causes diauxic growth of 
this yeast when cultured on mixtures of, carbon sources that 
include glucose. Yeast cells growing on , glucose display high 
growth rates, presumably related to the ease with which 
intermediates can be derived from, the catabolism of this 
sugar. Glucose hjas radical consequeijices for the enzyme 
complement and metabplic patterns in the yeast cell (Fig. i) . 
During growth on this sugar, enzymes required for metabolism 
of other carbon sources are either absent or strongly reduced' 
in amoimt as a result of aqtiye degradation of mRNAs or 
proteins (c^talpolite inactiyation) , repressed synthesis of 
mRNAs (catabolite repression) , or both. Such enzymes include 
permeases and key enzymes in^volved in the utilization of 
various sugars , enzymes .9f gluconeogenesis , and the. glyoxylate 

In addition, synthesis pf components of the 
mitocixondrial respiratory chain is repressed,, resulting in a 
low respiratory capacity. . Glucose -repressed cells, or cells 
pulsed briefly with excess glucose produce ethanol by 
decarboxylation of cytosolic. pyruvate and subsequent action 
of alTOhol dehydrogenase. This series of reactions, known as 
the Crabtree-ef feet, regenerates cytosolic .NAD+ required for 
glycolysis. Although the basis of the Crabtree response is 
largely unknown (3), the occurrence of these reactions during 
large scale production of S. cerevisiae ,is undesirable 
because it reduces cell yield. 

Suppression of ethanol production by yeast, cells growing on 
glucose is currently achieved by limitation of the supply 
rate of the sugar. This procedure is only partially 
successful in that incomplete mixing can trigger a short-term 
Crabtree response. Additionally it suffers from the drawback 
that cells are forced to grow below their maximum capacity. 
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These or similar problems occur in many micro-organisms, 
particularly in eukaryotes, more in particular in yeasts. The 
present invention provides a general mechanism by which such 
problems may be solved in that it provides a' method for 
producing a micro-organism of which a metabdlic pathway has 
been modulated, for instance a micro-organism of which the 
sugar/glucose metabolism has been shifted from aerobic 
fermentation towards oxidation, comprising providing said 
micro-organism with the capability of inhibition or * 
circumvention of the repression of the oxidative metabolism 
of glucose induced by the - availability for the micro-organism 
of said carbon" source. ' Surprisingly we* have found that by 
simply interfering at a single (well -chosen) spot in the 
complex regulatory mechanisms of metabolic routes in (in 
particular) eukaryotic micro -brganismia, it is possible to 
redirect said metabolic routes from one mechanism 
(fermentation)- to another (oxidation) I Because of the 
coniplexity of the regulatoi^y *^^tems' suifirdunding^ m^ 
it is generally 'believed that "interference at a single point 
would be unlikely to be of aiiy significance (because of all 
kinds of positive and negative hbtiebstatic* mechanisms which 
would restore the original situatiori)"^ or would be deleterious 
if not disastrous (if it were capkble of disrupting the 
feedback-mechanisms). We have found that a simple 
modification, in particular at the level of transcription 
activation does' lead to the desired switch in metabolic 
mechanism,' without disrupting the metabolism of the" micro- 
organism. ' ^ . ^ 

In particular, the invention solves this problem when the 
preferred carbon source of the micro-organism is glucose, 
which is the case for many micro-organisms,* in particular 
yeasts. One of the most important yeasts' in industry is (of 
course) Saccharomycea cerevisiae. For that reason we have 
chosen this micro-organism as a model for explaining our 
invention. Because of its importance it is of course also a 
highly preferred embodiment of the present invention. Other 
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well known industrial yeast strains such as Hansenula, 
Kluyverotnyces and other strains are of course also within the 
scope of the present invention. 

It will be understood that the result of the preference for 
glucose leads the metabolism down the aerobic fermentative 
pathway in many cases, as will be e^^lained below.. It will 
also be clear that for yield in biomass and/or production of 
useful ^proteins, etc. t:he oxidative/glucpneogenesis. pathway 
is to be preferred. This pathway is often part of the 
metabolism that is repressed when glucose is available and 
which is used when^. other carbon sources are available. Thus 
an in?)ortant aspect' of the present invention is to, provide a 
method according whereby the repressed, metabolism is restored 
to a significant extent by activation of the pathways for 
metabolism for the non-preferred carbon sources. 

It is pref erred that said actiya^t ion .is achieved, by proy^^^ 
the micro-organism witV at leM^^ one transcriptional . 
activator for at .least one^ gene .^encoding an enzyme in said 
pathways . 



A very suitably and pref epred. way of achieving said 
activation is one whereby tl?e transcriptional, activator is 

25 provided by . introduction into ^jt he micro-organism of a 
recombinant nucleic acid encoding said activator. Said 
recombinant nucleic acid is preferably, an expression vector. 
Such a vector may be an ^aijtpnomously replicating vector, but 
it is pref e^ed to use vectors that integrate in the host 

30 genome. However, it may also, be achieved by other means, such 
as mutation (site directed) ... 

There are two ways of having the transcriptional activator 
expressed. In one embodiment of the invention the 
35 transcriptional activator is constitutively expressed by said 
micro-organism. In an alternative embodiment the 
transcriptional activator can be expressed by the micro- 
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organism upon* induction, for instance by the presence of 
glucose. The person skilled in the art" will be able to 
determine which one is to be used for different circumstcmces 
eind desired end results. In many instances it will be 
5 preferred that the vector used to introduce the activator is 
capable of integration ' into the genome of the host. In other 
embodiments a self -replicating vector may be used. 

A very efficient' way of achieving the derepression of the 
10 metabolic pathways other' than those active in the presence of 
glucose is one whereby the transcriptional activator provided 
• is a Hap4 protein or a functional equivalent, derivative or 

• fragment thereof . A functional equivalent or derivative or 
fragment is defined as a molecule still having 'the same 

15 • activity in trans activating the relevant 'genes "from the 
relevant pathways (in kind, but not necessarily amount) . 
i^art from being useful for biomass production euid other uses 
of the micrb-orgariisms themselves, another irapdrtarit use 
includes the production of recombinant' proteins, homologous 

20 or heterologous: Thus the invention also provides methods for 
producing micro-organisms according to the invention,' which 
micro-organisms further comprise a nucleic acid encoding such 
a protein of interest. Many proteins 'of interest have been 

• disclosed and have been produced in yeast' or other micro- 
25 orgsmisms.' They do not ziieed tci be reiterated here. 

■ -The micro-organisms 'produced by the methbds aLbcording to the 
invention are 'also part ''of the invention ^ THey are improved 
in many aspects, when compared with the organisms they are 

30 derived from, for instamce they can have in^roved biomass 
yield upon culturing; they may show increased glucose 
oxidation; they may display increased oxidative sugar 
metabolism euid/or reduced aerobic fermentation. Nointially, 
under anaerobic culturing conditions the micro-organisms 

35 according to the invention will behave essentially the same 
as the corresponding micro-organism not provided with the 
modulation of this metabolic pathways. 
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The process to obtain the iir^royed micro-organisms, in 
particular improved yeast has applications in all industrial 
processes in which optimal conversion of sugar into bioinass 
5 is required. Use of these improved yeasts will lead to 
reduction of costs because of reduced process times and 
increased amounts of biomass per consumed glucose . This 
invention is well applicable in, for example, the (aerobic) 
production process of yeast for bakeries,, or as source of 

10 flavour -enhancing yeast extracts. Furthermore this invention 
will lead to increased production of metabolites and 
heterologous gene products, such enzymes, precursors for 
chemicals, biosurf actants and fatty acids for application in 
pharmaceutical, agricultural or food sectors. 

15 ^ . . . 

Concerning the application in baker's yeast or brewer's 
yeast, it . should be noted that .the reduction of alcohol 
formation in the pro.duct ion, phase does not negatively affect 
g|rowth or alcohol production during anaerobic fermentation, 

20 which is crucial for leavening of the dough or for the 

brewing process. This invention reduces alcohol production 
only when, the yeast can. make use of its enhanced respiratory 
capacity, i.e. under aerobic conditions. 

25 The invention may also be applied with respect to 
manipulation of glucose repression or even glucose 
inactivation of processes not directly related to respiratory 
fiinction of yeast. The uptake and metabolism of carbon 
sources other tjaan glucose, such as galactose, sucrose or 

30 maltose is. repressed by glucose. Yeast fermentation in lean 
dough depends on maltose as. main substrate, which is produced 
in the dough from starch by action of amylases present in the 
flour. The flour contains in addition varicdDle amoxants of 
other sugars amongst which glucose. Maltose permease, 

35 responsible for the translocation of maltose across the 

plasma membrane and maltase, the maltose metabolising enzyme, 
are both subject to glucose repression and inactivation (4) . 
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Since this negatively affects CO2 production and thereby 
leavening activity, tools to reduce the glucose effect on 
maltose uptake and utilisation would be useful. Therefore it 
is noteworthy this invention will even improve leavening 
5 activity of said yeast strains. 

Detailed description 

As stated before, a very important micro-organism is 
Sa.ccharomyce3 cerevisiae . We will explain in detail how its 

10 reaction to the presence of glucose may be changed, as 
exeti^lary for other micro-organisms. In the presence of 
glucose Saccharomyces shows a "Crabtree" response and 
switches to ethanol production through aerobic fermentation. 

15 The present invention in one embodiment offers a solution to 
such problems by the construction of production strains of 
micro -orgcinisms in particulaLr yeasts, more specif ically- 5.. 
cejrevisiae in which the Crabtree-ef f ect is reduced or absent. 
The principle of the approach is the controlled de-regulation 

20 of glucose-repressible genes by overea^ressiori of a specific 
transcriptional activator from a. promoter insensitive to 
glucose control. The resiiltcuit shift in baFance from 
fermentative to oxidative metabolism' leads to increased 
growth rates and reduced ethanol production. 

25 ' • * - 

Glucose control of metabolissi In cerevisike * 
The extensive changes in enzyme cbn^l'ement during a" shift 
from oxidative /gluconeogenic to fermentative growth are", in 
the vast majority of cases, the result of induction or 

30 repression of transcription of* the corresponding genes in 

response to glucose. Genes whose esqsression is repressed by 
this sugar can be divided into three groups: ' 

1. Genes required for the uptake and metabolism of other 
carbon sources, such as galactose,' sucrose, maltose, 

35 glycerol, lactate and ethanol. 

2. Genes unique to gluconeogenesis and the glyoxylate 
cycle . 



wo 98/26079 



PCT/NL97/00688 



3. Genes coding for Krebs cycl'e enzymes and cdrapohents 
of the respiratory chain. 
Although each group displays distinct features of regulation, 
a number of common transcription factors and mechanisms are 
5 involved and these form the main glucose . 

repression/deprepression pathway (MGRP; 2) . As shown in Fig. 
3, key events in this pathway are the activation or 
inhibition of a number of key transcription factors in 
response. to a signal generated by glucose. The nature of this 
10 signal is, unkown. Its main effect is,, howeyer, to inhibit or 
counteract the action of the Snf 1/Snf4 con^>lex, a protein 
serine/threonine kinase, which is thought to alleviate 
transcriptional repression and promote .transcriptional 
activation at glucose -regulated promoters (5),. Although as 
15 yet, there is no evidence that Snfl/Snf4 directly 

phosphorylates a transcriptional regulator, genetic studies 
suggest that important direct or indirect targets for 
Snfl/Snf4 are the- transcription factor Miglv Ssn6/Tupl; and 
Hap2/3/4. Migl-is a zinc-finger protein which acts as a 
20 . transcriptional, repressor -at many glucose- repress ible genes 

(6) SsnS/Tupl acts as a repressor of transcription at a large 
number of genes., .probably , in combination with, gene- or 
family-specific transcription factors (7). The.Hap2/3/4 
complex is, in contrast, an activator of transcription. It is 
25 . required for induction of transcription by non- fermentable 

carbon sources of a limited number of genes encoding proteins 
, involved mainly .in mitochondrial electron- transport, Krebs 
cycle, haem biosynthesis cuid gluconeogenesis (8,. 9., 10, ii, 
12) . Transoriptional regulation by the Hap2/ 3/4 -complex is 
30 the main mechanism for coordinating the derepression of these 
enzymes in response to changes , in carbon status of the medium 
(11, 13). The activity of the Hap complex is controlled by 
the availability of the activator subunit Hap4.,: whose 
synthesis is approximately 5-fold repressed by glucose (13) . 
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Transcription and transcriptional control in yeast 

A typical yeast promoter consists of several cis-acting 
elements that function as target sites for regulatory 
proteins (Figure 2) . The position of transcription initiation 
5 by the RNA polymerase II con^lex is located at the initiation 
site (I) . The TATA-box (T) has been shown to be essential in 
many promoters for transcription initiation to occur. It is 
the target site for the basal RNA polymerase II transcription 
factor TFIID, which nucleates the assembly of the other basal 

10 transcription factors and RNA polymerase II into a stable 
preinitiation complex. In addition to these basal control 
elements, at least one upstream activation "site (UAS) is 
required for transcription. UAS elements function as DNA- ' 
binding sites for transcriptional regulatory proteins, that 

15 are thought to interact with -the basal transcriptional " * 
machinery to mediate specif id regulation- In many instances, 
yeast promoters consist of several TATA- and- UAS -element s, * 
which together determine the rate oi transcription ot- the 
adjoining gene-. In ^ addition yeast promoters may contain ^ 

20 operators or upstream repressor sices (URS) and upstream 

induction sites (UIS) . By binding of specific proteins these 
elements contribute -to the overall " transcriptional 
regulation.. 

25 Carbon source -dependent transcriptional regulation by the ' 
Hap2/3/4 cojoplex t , , - • 

Carbon source dependent transcription of gent^s encoding a 
number of components of the mitochondrial' respiratory chain 
and enzymes of gluconeogehesis is regulated by the Kap2/3/4 

30 complex. Hap2 and Hap3 -were first identified as proteins 

capable of binding to the UAS2 region of the gene encoding 
i so- 1 -cytochrome c in S . cerevisiae (14) . This region, 
responsible for carbon source response, contains a sequence 
motif closely resembling the CCAAT box element found in many 

35 other eukaryotic promoters. The two proteins bind to DNA in 
an interdependent manner. Hap4 appears not to contact DNA 
directly, but is necessary for DNA binding of the other two 
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proteins. Sequence analysis reveals a C- terminally located, 
highly acidic region whose presence is necessary for 
activity. Replacement of this region by the activation domain 
of the yeast Gal4 protein restores activity, suggesting that 
it provides the principal activation domain of the DNA-bOund 
Hap2/Hap3 complex (13) . Transcription of the genes for Hap2 
and Hap3 in S. cereviaiae is not substantially affected by 
carbon source, but expression of the gene f or Hap4 is glucose 
repressible (13) . This suggests that Hap4 as the key 
component of the complex in terms 'of its ability to regulate 
transcriptional, activity in responiae to carbon soiurce. 

Insight into the structure of the .Hap2 and Hap3 proteins has 
been obtained by the isolation arid sequencing of the 
corresponding genes. The HAP2 gene encodes a 265 residue 
protein, of which an evolutionarily- conserved 65 amino acid 
core in the highly basic G- terminal region is necessary and 
sufficient for both complex formation arid binding to. DNA 
(Fig, .4) . The KaP3 gene encodes a .144 residue protein, which 
contains a 90 amino acid core (B-domain). required for complex 
formation and DNA-binding (Fig* 5) The HAP4 .gene encodes a 
.554. residue protein contairiingn two 'highly acidic regions in 
.its. C-terrainal domain ;.( 13,-^ i Fig. . 6) . Both , of ^ these appear to 
be necessary for transcriptional' activation. 

Genes corr.esponding to HAP2 and have been isolated from 

a wide range of. organisms^ (15):. .The encoded proteins form a 
heteromeric^conplex called NF-Y/ CBF or CP, which activates 
transcription by binding to the evolutionarily conserved 
CCAAT box element. Hap2- and Hap3 -homologous subiinits make 
similar contacts with DNA. For the human CPl complex, it has 
been shown that the Hap2 and- Hap3 • homologues are exchangeable 
in vitro with those of yeast (16) , However, although the 
human CPl complex consists of more than two subunits, none of 
these appear to correspond to the S. cerevisiae Hap4 protein. 
The Hap homologous complexes are not specifically involved in 
induction of genes under certain growth conditions, but 
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function as general transcription factors required for basal 
level expression of a large number of genes. 

As the Hap complex (in the yeast Sacchajroiaycea cerevisiae) is 
involved in the regulation of many metabolic processes, it is 
to be expected that modification of its expression has a 
profoiind effect on the cell's physiology. With regard to 
anabolic processes, to date not much is knovm about its role 
but with regard to the catabolic network (that is, the energy 
conserving machinesry) in S.cerevisiae, synthesis of 
components of the respiratory chain (hence mitochondrial) is 
to a significant extent under control of the Hap2/3/4 
complex. It seems justified to conclude that Hap-dependent 
regulation is at least involved in the physiological 
phenomenon known as the Crabtree effect. Its direct 
physiological inipact is a catabolic shif f from respiratory to 
fermentative catabolism whenever elevated levels of glucose 
are^ present. This results in a . significant decrease in the 
efficiency of energy conserved: only 2 moles of ATP are 
synthesized per glucose fermented. to ethanol and carbon 
dioxide, whereas the number -of moles of ATP (equivalents) per 
glucose oxidized (to carbon dioxide) is manyfold higher (the 
exact number still being a matter of debate). An important 
indirect effect is a decrease in axiabolic capacity: it is 
known that the maximal obtainsdDle growth rate ot S, 
cereyislae is highest under conditions- that-'allow ' * 
respiration.. As a consequence, whenever conditions are such 
that the catabolic flux into respiration is increased, • the 
yield value (Ygiucosar defined as the amount of cells obtained 

per glucose consumed) will- be considerably higher • and the 
organisms will grow faster. In other words, under such 
conditions the partitioning of the total carbon flux over the 
catabolic and the anabolic flux will be directed towards the 
latter. Thus, a larger part of the carbon source is directed 
towards biomass formation and a given biomass concentration 
is achieved in a reduced time span. Due to the said 
regulation (Crabtree effect) , fully respiratory catabolism 
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can only occur under aerobic conditions with continuously 
very low glucose availability, a condition not often met in 
practical settings. 

According to the invention, the inhibition or circumvention 
of glucose-regulated partitioning of the catabolic flxixes 
should result both in increased Ygiucose values and higher 
growth, rates. Here, it is important, to note that it can be 
foreseen that a relatively small, increase in the respiratory 
flux may result in a significant gain in biomass yield due to 
the large difference in the energetic efficiency, between 
. respiration and fermentation. All anabolic processes will be 
enhanced and since anabolism con^rises protein synthesis it 
is to be expected that said, increase is beneficial not just 
to biomass production per se only but also to the production 
of specific proteins.. 

Modification of the expression of glucose repressed genes can 
be achieved by inte2r.^erence .in other factors of the., glucose 
repression signalling cascade besides Hap4. All mutations in 
upstream regulators of the cascjade (see Figure 3) , like Snfl 
or Hxk2, do alleviate glucosjs repression of SUC2, GAL, MAL 
and reatpiratory" genes, but these mutanlis display a !wlde range 
of phenotypic defects (l", 17, 18) and. are not suitable for 
industrial application of , yeast . De- repress ion of SUC, MAL- 
and GAL genes can also , be, .accomplished by removal of the 
.general glucose repressor _Migl,., which results, in par.tial 
ai:;.eviation of . gW metabolism in a 

iaboratpry strain (19^ This does however not affect glucose 
repression of respiratory genes, and no change in 
f ermentative-oxidative metabolism, growth rate or. cell mass 
yield. 

We have now found that yeast, transformed with a construct 
that overexpresses the HAP4 gene, becomes insensitive to 
glucose repression of transcription of a number of genes, 
amongst which genes encoding respiratory components. This 
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resul1:s in increased respiratory capacity of this yeast 
strain and reduced ethanol production. This altered aerobic 
sugar metabolism leads to a drastic increase in biomass yield 
cmd a significantly increased growth rate. 
5 * * 

The present invention provides a transformed yeast with an 
reduced aerobic fermentation rate of glucose which comprises 
the introduction into yeast of a DNA construct which contains 
' eui homologous gene encoding a protein de -regulating glucose 
10 ' repression of a number of ' genes in the said yeast. 

The homologous gene in this invention, l£AP4 is cloned into a 
circular vector DNA construct which is transformed into yeast 
by a procedure described in the following section. The vector 
15 contains DNA sequences that enaOales replication in both E. . 
coli and yeast, sequences that enable cloning of DNA 
fragments into the vector, a yeast marker gene and a 
bacterial marker gene that enables selective maintenance in 
yeast* or £?. coli respectively. After tifans formation of the 

20 vector into yeast, it will be self -replicating* andi be 

maintained as long as selective pressure against plasmid loss 
is sustained. During non- selective propagation (i.e. growth 
in the presence of leucine in this particular case) , the 
plasmid will be lost . From a practical point of view, it is 

25 ' -preferable to grow yeast nbn-selectively . This" will entail 
alteration- of expression of HAP4 by ihte^gration of i:he 

altered gene in the yeast' chromosome . • By "altered" is meant 
the exchange of the natural promoter by another promoter 
which is constittitively active', or by integration of a DNA 
30 construct consisting of sudh a promoter fused to the HAP4 

gene on a different locus on the chromosome, e.g. the SIT2 
locus (20) . Integration of homologous yeast sequences is a 
well described sind efficient technique (21) and can be easily 
applied. to (industrial) yeast strains. The yeasts thus 
35 obtained are staU^le transf ormants and the altered' HAP4 gene 

can be maintained in the genome without selective pressure. 
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Yeast with a chromosomally altered HaP4 gene can be 
constructed in such a way that the transformants are 
completely devoid of prokaryotic DNA, in contrast to the 
transformants also described in this invention which contain 
5 a.plasmid harbouring prokaryotic DNA sequences. By 
integration of only homologous DNA, originating from 
Saccharomyces, one can improve the yeast without introducing 
any heterologous DNA. 

10 The present invention con5)rises induction of changes in 

glucose metabolism by overexpression of . a key transcriptional 
regulator of oxidative metabolism of yeast by introducing in 
the yeast a DNA construct expressing HftLP4 under control of 
the ADHl promoter, whose activity is enhanced approximately 

15 ten-fold by glucose. The elevated expression level has 

alternatively been achieved by using .other strong promoters, 
which are const i tut ively expressed, independently of the 
presence of glucose. This is of ■particular> importance for 
application in fed-batch cultures, where the glucose ... ^ 

20 concentration is kept , low * in order to minimise the Crabtree- 
ef f ect . Several promoters belonging to genes encoding enzymes 
of the glycolytic cycle, like glyceraldehyde-phoshate 
dehydrogenase (GPD)' or genest^ involved in ribosomal ' 
expression,. . such ..as: promoters for the transcription of 

25 elongation -factors ; (SF) . are well characterised and widely - 
used -for . pyerexpressipn of: yeast, genes . These promoters have 
been isolated . from S . . cereyisae and cloned in .eaipression 
vectors, for .ye^st :(22j.. 3:h6: coding region of the isolated 
.HAP4 gejae :waS(qa.oned behind these: promoters, after which the 

30 promoter-HAP.4' fusions: were recloned in such a construct that 
the HAP4 gene with altered regulation of .expression could be 
integrated into the yeast genome. This procedure leads to 
stable transformants which exhibit all the advantages 
described above due to more oxidative growth and which in 

35 addition do not contain any prokaryotic DNA sequences. 
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The yeast strains described in this invention comprise both 
laboratory strains and industrial production yeast strains. 
The overea^ression of Hap4 was first achieved in a laboratory 
strain by meains of introduction of a self -replicating plasmid 
5 harbouring the HAP4 gene under control of the ADHl promoter. 
The metabolic behaviour of this engineered strain was testied 
in detail as described below, showing a significant increase 
in oxidative metabolism when grown on glucose. Industrial 
production strains were tremsformed with the same plasmid, 

10 which was slightly modified by introduction of a dominauit 

marker thereby enabling selection of transformants * containing 
the plasmid overproducing Hap4 . The response of the 
industrial strains to Hap4. overexpression was similar to that 
of the laboratory strain, i.e. glucose repression' of 

15 respiratory function is alleviated and therefore glucose 

metabolism has shifted from fermentative 'towards oxidative 
metabolism. To obtain stable yeast strains with all the 
advantages described • above , genomic integration of . * 
constitutively expressed Hap.4' was carried out, as described 

20 in detail in the following sections * • 

Experimental 

Saccharowyces cerevisiae strain :DL1 has been, transformed with 
YCplaclll : :ADH1 '(without: any gene placed 'behind the ADH 

25 promoter) or YCplaclll: : ADHl -HAP4 (expression of HAP4 under 

control- of ADHl promoter)-.' Transformation of the yeast strain 
with YCplaclll: : ADHl,' the so-called ' "empty" plasmid is 
. necessary to prevent any differences in physiology of the 
Hap4 overproducer and the wild type due' to 'differences in e . g 

30 the plasmid encoded LEU2 marker gene. The. nomenclature of the 
transformed yeast strains is as follov/s :i DIil denotes strain 
Dll transformed with YCplaclll ;: ADHl, whereas DLIHAP denotes 
DLl transformed with YCplaclll :: ADHl- HAP4 . The expression 
level of HAP4 mRNA in these strains is depicted in Fig 9. 

35 Expression of HAP4 in Dll is strongly repressed by glucose. 
Introduction of the plasmid with HAP4 under control of the 
ADHl promoter leads to an increased expression level of HAP4 
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in DLIHAP which is grown on media containing 2% glucose.. This 
level is cotr?)arable to the expression level of HAP4 in 
wildtype DLl cells when grown on non- fermentable carbon- 
sources, which do not repress transcription of HAP4 and 
5 genes encoding respiratory components. 

To study the effect of HAP4 overexpression on transcriptional 
control of respiratory function, we first studied the mRNA 
levels of different genes encoding components of the 

10 respiratory chain. As shown in Figure 9, the elevated level 
of HAP4 in glucose containing medium leads to de- repression 
of trauiscription of QCR8, the gene encoding the llkDa subunit 
of the yeast ubiquinol -cytochrome c oxidoreductase (QCR) - 
cotrqplex of the respiratory chain. Conparable results were 

15 obtained for a number of other genes encoding respiratory 
components (Table I) . Transcription of SUC2, a glucose 

repressed gene without an Hap binding box in the promoter 
riegion is not induced by ovisrexpression of HAP4 on glucose. 

20 To test whether the increased level of mRNAs of respiratory 
components result's in an higher respiratory capacity of the 
Hap4 overproducing strain, we measured oxygen consumption 
rates of cells as described in a previously section. 
Respiratory capacity of DLIHAP cells grown in shake flask 

25 cultures "on cdniplex media containing glucose is increased 

two-fold cott^'ared to wildtype cells (Table II) . When grown in 
the presence of "the non- fermentable carbon- source lactate, 
the respiratory capacity is ^further increased approximately 
five-fold to a level similar for both wildtype cOid Hap i 

30 overproducing strains. 

Further characterization of the physiological properties of 
the Hap4 overproducing strain required growth irnder 
controlled conditions (constant pH, aeration, stirring) in 
35 well defined mineral media (see section . '.batch cultivation in 
f ermentors • ) . Therefore, aerobic growth of Dll in a defined 
mineral salts medium containing 30 g/1 (3%) glucose was 
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compared with growth of DllHAP cells. As calculated from the 
growth curves (not shown) , DLl grew exponentially with a 
specific growth rate of 0.16d; O.Olh-1, whereas the growth 
rate of DL1H7VP was 0.18± O.Olh-1. Overproduction of Hap4 thus 
5 results in an increased growth rate of 11%, 

During a period of six ho\irs during exponential growth, 
samples were tcJcen with an interval of one hour to measure 
siabstrate consumption and biomass and product formation. The 

10 mean biomass yield during this time co\irse, i.e. the amount 
of biomass formed per gram consumed" glucose is 1.0 . 1 gram for 
DLl and 14.8 gram for DLIHAP. Overproduction, of Hap4 thus 
leads to 46% increase in biomass yield compared to wild type, 
which is rather constant during the esqseriment. (see Figure 

15 10) . 

Analysis of other carbon cpmppunds present in' the culture 
medium showed that ethsuiol production is significantly 
decreased (38%) in DLIHAP coir^ared to the wild type (Table 

20 IV). The reduction in ethanoi formation is accompanied by a 
2. 3 -fold increase of the amount of acetate, . whereas the. 
amount of glycerol decreased 3.5-foid in DLIHAP cells. The 
oxygen consumption ' during the experiment was appoximateiy 
twice as high in DLIHAP con^aured to DLl, All data sire thus 

25 consistent with a shift of carbon met cibol ism from 
fermentative towards oxidative metabolism due to 
overexpression of HAP4. This is further iliustrated in Table 
V, which summarizes carbon fluxes in both strains. The amount 
of C02 produced via TCA cycle was calculated by the amount of 

3 0 oxygen consiimed during the experiment . 

When grown under anaerobic conditions, both strains are 
identical with "respect to growth rate, ethanoi production and 
biomass yield (data not shown) . This implies that 
35 overexpression of HAP4 only exhibits its effect during 

aerobic growth of yeast. Processes depending on anaerobic 
alcoholic fermentation, like brewing or dough leavening will 
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be unaffected by HAP4 overexpression. This invention is 
therefore very well applicable in optimization of biomass 
yields in the aerobic production phase of industrial yeast 
strains. 

5 

Taking into account strain-dependent variations in glucose 
repression (23, 19), it should be mentioned that the 
regulation, of expression of HAP4 in several industrial 
strains was found to be similar tp laboratory strains 
10 described above and in literature (13) , i.e. the eaqjression 
is repressed by glucose (data not shown) . To obtain 
constitutive high expression levels of I1AP4 in the industrial 

strains, we integrated a DNA construct consisting of a 
const i tut ively active promoter (of glyceraldehyde -phosphate 

15 dehydrogenase, GPDl and elongation factor 1 -alpha, TEF2) 

fused to the coding region of the HaP4 gene in the genome of 
the yeast strain, The integration plasmid is constructed in 
such a way that the .prompter-HA?4 fusion is flanked by DNA 
sequences, representing .parts.. of the yeast .SIT2 gene (see Pig 

20 11 and 13) Integration of the total plasmid including the 
promoter-HAP4 fusion can therefore take place at the SIT2 
locus in the yeast genome. The presence of a gene encpding 
acetamidase (amdS) enables cells which have integrated, the 
plasmid to grow on medium containing acetamide . as a nitrogen 

25 source, . in .contrast, to untransformed cells which. are unable 
to grow on t|tiis medium. Since the plasmid does not contain 
any sequences; wh4.ch enable, replication in yeast., integration 
of the plasmid in the . genome . is required to acquire the 
eUbility to grow, on acetamide. ^ . ■. ... 

30 . ... ^ . 

Strains DS28911, DS18332 and DS19806 were transformed with 
the plasmid pKSP02-GPDHAP4 or pKSP02-TEFHAP4 . Transf ormants 
with an integrated plasmid in the genome were selected on 
.plates containing acetamide. Transf orroants containing pKSP02- 

35 GPDHAP4 were named DS2a911GH, DS18332GH,or DS19806GH, 

. transf ormcUits containing pKSP02-TEPHAP4 DS28911TH, DS18332TH 
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or DS19806TH. In a niiinber of transf ormants the position of 
integration was analysed by Southeam blotting, in which 
genomic DNA fragments containing SIT2 and/or HAP4 sequences 
were visualized (see Fig 13). The length of the different 
5 fragments revealed that integration preferentially took place 
at the HAP4 locus, as shown in Figure 13 and 14. These 
(anaploid) transf ormants contain both one or more glucose 
repressed HAP4 genes and a HAP4 gene which is under control 
of a constitutively active promoter. 

10 

To test the expression level of HAP4 in these transf ormants, 
mRNA was analysed of cells grown aerobdtcally in media 
containing 2% glucose. The mRHA expression level of one 
selected transforraant of every strain containing either the 

15 GPDHAP4 (GH) or' the TEPHAP4 = (TH) 'is shbwn in Figure 15. 

Different levels of HftP4 mRNA were obtained in the different 
strains and with' the two dif f'iereSit piromoter^s . The 'effect of 
overexpression of : HAP4 on 'expression of QCR8, a glucose- - 
repressed gene encoding a siibimit of the respiratory chain t 

20 was analysed ±n four independent transf ormants . Strains 

exhibiting clear and reproducible de-repression of QCRS were 
selected for further studies and are skown in Figure 15. As a 
loading control a constitutively expressed gexie (PDA, " 
encoding a subunit of pyruvate dehydrogenase', (24) j was 

25, visualized, showing that the higher expression of C?CRS is due 
to HAP4-5overexpression. The' integrated constitutively 
expressed HAP4 thus appears to result in alleviation of 
transcriptional repression of a respiratory' component , 
analogous to the effect of the plasriiid encoded HAP4 under 

30 control of the ADHl promoter as described above. 

To test the respiratory capacity of DS2891i, DS18332 and 
DS19806 with the integrated' GPDHAP4 (GH) or the TEFHAP4 (TH) 
fusion, we measured oxygen consun^Jtion rates of cells grown 
35 in medium containing 4% glucose. As shown in Table vi, 

overexpression of HAP4 on glucose results in an increase of 
the respiratory capacity, ranging from 2.2 to 4.1 fold the 
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value found in the corresponding wild type cells. The 
respiratory capacity of cells grown in lactate containing 
medium is 7 . 7 fold higher than in wild type cells. The 
allevation of glucose repression of respiratory fmiction is 
thus only partial, but similar, or even higher than • obtained 
with the laboratory strain DLl containing the ADH1-HAP4 
fusion on plasmid.. It can therefore be expected that the 
physiological advantages of the latter strain are also 
applicable to the industrial strains harbouring the 
integrated constitutively eacpressed HAP4. 

Application of the modified industrial strains -requires 
removal of. any se<Tuences that are not~derived from yeast. The 

. transformants contain the . total plasmid pKSP02-GPDHAP4 or 
PKSP02-TEFHAP4 in, the genome. The ' non-yeast » plasmid 
sequences can however.be removed by homologous recombination 
of identical DNA segments in the genome, as depicted in 
Figure 13. Cells which are devoid of plasmid sequences can be 
selected by growth on medium containing f luoro- ace t amide, 
which is toxic for cells still containing.: the' gene ^nddding' 
acetamidase. When the plasmid: is integrated at the .HAP4 
locus, this recombiriation event: will cause loss. of the GPD- 
or TEF-HAP, fusipn.as .well;,^ res^ulting in a . wild type strain . 
Only after integration at -^tl^e , SiTa locus the chromosomal 
arrangement . is such that. , recombination can also result in ■ 
cells that stil 1;. contain jbhe TEF-HAP4. fusion. These 

'clean* transformant^ now only contain yeast sequences "and 

are suitable , for. industrial application. 

To obtain these clean transformants, strains DS28911; DS18332 
and DS19806 were transformed with plasmid pKSP02-GPDHAP4 or - 
PKSP02-TEFHAP4 which was linearized at the Sfil .site (see 
Figure IIB) . This led to a higher efficiency of integration 
at the SIT2 locus, as shown by Southern blot analysis. 
Comparison of expected (Figure 13) and obtained (Figure 16A) 
DNA fragments .of . a number of . transformants -revealed a new set 
of strains overexpressing HAP4 from the SIT2 locus . The . 
expression levels of HAP4, QCR8 and PDAl were determined by 
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northern blotting of mRNAs isolated from cells grown in 
medium containing 2% glucose. As shown in Figure 17A, also in 
these strains the elevated expression of HAP4 resulted in 
alleviation of glucose repression of QCR8. Subsequently we 
5 selected f luoro- ace t amide resistant cells that had lost their 
plasmid sequences (including the acetamldase gexie) by 
homologous recombination. Trans formcints which retained the 
GPD- or TEF-HAP4 fusion in the genome were selected by 
verification of the coinrect chromosomal arrangement by 

10 Southern blot emalysis. Figure 16B shows three exan^les of 
clean transfoirmants derived from transformants DS18332GH15 
and DS18332TH25. As shown' in Figure 17B, removal of the 
plasmid sequences- has no negative effect on either HAF4 - 
overexpression or QCR8 derepression. The effect of the HAP4 

15 overexpression in these strains on oxidative metabolism can 
therefore be esqsected to be similar" to' those described above. 

' EXPERXHENTAIt PROQEDXmSS 

20 .Cloning techniques . - . - - ' 

All general cloning techniques * (plasmid isolation, 
restriction, gel electrophoresis, ligation) were carried out 
as described by Memiatis etV al.-,. Molecular Cloning; A* 
Laboratory manual. Cold Spring Hafbor "Laboratory, Cold Spring 
25 Harbor, N.Y- (1982) .' DNA restriction enzymes were purchased 
from New England Biolabs (Biolabs) Boehringer Mannheim 
. (Boehringer) or Bethesda* Reseach laboratories (BRL) . These 
enzymes were used in conditicsos and buffers described by the 
manufacturer. 

30 .. • . • 

Construction of - recombinant plasmid YCplaclll: :ADH1-HAP4 
The centrcmeric plasmids YCplaclll : lADHl and YCplaclll:: 
ADH1-HAP4 are capable of self -replicating in E. coli and in 
yeast and contains the ADHl promoter region without 
35 (YCplaclll :: ADHl) or with the coding sequence of HAP4 . The 
construction of YCplaclll : :ADH1-HAP4 is outlined in Figure 
7. 
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YCplaclll: :ADH1 is derived from YCplaclll (25) and 
contains between the BamHI and the Smal site a 723 bp EcoRV 
promoter fragment from pBPHl (26) . Vector pBPHl was derived 
from pACl (27) , which is a YCpSO derivative which carries the 
5 BamHI /Hindi 1 1 fragment from pMAC561 containing the yeast 
alcohol dehydrogenase I promoter (28) , 

The coding region of HAP4 was cloned behind the ADHl 
promoter in the former construct by isolation of HAP4 from 
PSLP406 (13) . pSLF406 was digested with BspHI, which cleaves 

10 HAP4 at position -1 relative to the start codon the coding 

sequence: The BspHI end was blunted and subsequently the HAP4 
fragment obtained by cleavage of the"DNA with PstI and 
isolation from agarose gel, YCE>laclll was cleaved with Sraal 
and Psti and ligated with the HAP4 fragment to generate 

15 YCplaclll: :ADH1-HAP4. 

Construction of recombinant integration plasmlds p425- 
GPDHAP4, p425-TBPHAP4, pKSP02-GPDHAP4 and pKSPb2-TEFHAP4 
The plasmid pKSP02 is iised^ for integration of a £usion of 

20 HAP4 cuad the GPDl or iEF2' promoter'. These fusions were first 
constznicted in shuttle vectors containing either the ^GPDl 
(P425GPD) or the TEF2 promoter region (p425TEF) (22) . A 2621 
bp'' fragment from* ^>SIjF406 (13) , containing the HAP4 gene, was 
iisolated after digestion with BspHI, blunting and digestion 

25 with PstI as described in the previous paragraph. This HAP4 
fragment was cloned in Smal and Psti sites of the vectors 
425GPD or p42i5TEF, resulting in the .vectors p425-GPbHAP4 and 
p425-TEFHAP4 respectively. These shuttle vectors can self- 
replicate in E. cbli and in yeagt/ but will only.be 

30 maintained in yeaist when selective pressure is present, i.e. 
when the recipient strain is LEU2 auxotrophic. In industrial 
strains without aiixotrophic markers, integration of the 
GPDHAP or TEFHAP fusion is required to maintain the altered 
. HAP gene stable in yeast. The promoter-HAP4 fragments were 

35 therefore recloned into the integration vector pKSP02 

(constructed at and provided by Gistbrocades) . A 3359 bp 
Ecll36II-SalI GPDHAP4 fragment was isolated from p425-GPDHAP4 
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and a 3081 bp Ecll36ir-Sall fragment was isolated from p425- 
TEFHAP4, which were cloned into pKSP02 digested with Smal and 
Sail. The different cloning steps are schematically drawn in 
Figure 11. Figure 12 shows the DNA sequence of the GPDHAP4 
5 and TEFHAP4 fusions. 



Transformation procedures 

Trans foirmat ion of E.coli was carried out using the 
elect roporat ion technique , using a Biorad E.Coli pulser 

10 according to the description of the manufacturer. 

Yeast cells were trsoisformed according to the LiAc 
method described by ito et al (29) . Transf ormants of strain 
Dill with the plasmid YCplaclll : :ADH1-HAP4 were selected on 
plates containing 2% glucose, 2% agar, 0.67% Yeast Nitrogen 

15 Base (Difco) supplied with the required aminoacids but 

lacking leucine. The industrial strains DS28911, DS18332 and 
DS198P6 were plated on medium,. cons is ting of 1.8% nitrogen- 
free agar (Oxoid) , 1.17% Yeast Carbon Base (Difco), 30 mM . 
phosphte buf f er pH 6.8 and "SirtM, ace t amide (Sigma). 

20 • * 

Cotmterselection of' transf ormants 

To select for transf ormants" which after integration of the 
plasmid pKSP02 -GPDHAP4 or pKSP02 -TEFHAP4 recombine the 
plasmid sequences' out of the genome (see Figure 13),. 

25 coxmterselection was carried, out on plates containing 1.8% 

nitrogen-free agar, 1.17% ieast Carbon BaseT 30 mM phosphate 
buffer, 60 mM fluoro-acet amide ' (Flvika) and o:i% (NH4)2^04. 
Transf ormants were grown in YPD, medium for 60 to 70 
generations by daily dilution of the cultures for 3- to 4 

30 days. Aliqouts of the cultures were plated on the fluoro- 
acetamide containing plates, which selects for cells which 
have recombined out the acetamidase gene. The presence of the 
GPDHAP4 or TEFHAP4 fusion was tested by Southern blot 
analysis. 
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Growth, of yeast in flask-batch cultures 

For shake flask cultivation, yeast cells were grown in either 
YPD (1% Yeast Extract, 1% BactoPeptone, 3% D-Glucose) , YPEG 
(Yeast Extract , 1% BactoPeptone, 2% Ethanol, 2% Glycerol) , 
5 YPL (lactate medium: 1.5% lactic acid, 2% Na-lactate, 0.1% 
Glucose, 8mM MgS04, 45 mM (NH)2HP04, 0.5% Yeast -extract) 'or 
in mineral medium (0.67% Yeast Nitrogen Base) containing 3% 
D-glucose and supplemented with the appropiate arainoacids to 
obtain selective pressure for maintenaince of the transformed 
10 plasmid. 

All cultures were inoculated from precultures" which were 
prepared by inoculation of_ 5 ml medium v/ith a colony from a 
plate.. For northern analysis and oxygen. consumption capacity 
measurements, the. wild type and modified industrial yeast 

15. strains were precultured -overnight in YPD and strain, DLl 

containing YCplaclll : :ADH1-HAP4 and Dll containing the empty 
. YCplaclll vector were precultured overnight • in mineral medium 
with, additional .amino aci da. . These' cultures were used to 
inociilate lOOml .YPEG and/or YPD medium and grown overnight at 

20 28 'C to OD6oo"'l-5, after wWch. cells were harvested by^ 
cent rifugat ion. 

Growth of yeast in . f ermentor-bafcch cultTires 

Transformed yeast cells were grown in selective mineral Evans 
25 medium containing 30 g I'^ D- Glucose and 'Supplemented with 40 
mg 1-1 uracil and Lr-histidine, The mineral medium contained 
.: NaH2P04-2H20, lOmM; KCl, 10 mM; MgCl2 . 6H2O, 1 . 25 mM; NH4CI, 
0.1 mM; Na2Sp4, 2,mM; C6H9NO6, 2 mM; CaCl^, 20 mM; ZnO, 25.3 
mM; .FeCl3.H2P/ 99.9 mM; MiaCl2 , -50 . 5 mM.; CUCI2, 5 mM; CpCl2, 
30 . 10 mM; H3BO3, 5.2 .tnM; Na2Mo04 . 2H2O, 0.08 mM. After heat 
sterilization -of the; medium at 120 VC, filter sterilized 
vitamins were added to final concentrations per liter of : 
myoinositol,. 0.55 mM; nicotineacid, 0.16 mM; Ca- 
D( + )panthothenate, 0.02 mM; pyridoxine-HCL, 0..013. mM; 
35 . thiamine-HCl, 0.006 mM; biotin, 0.02 mM. 

Cultivation was performed at 28 'C in New Brunswick Scientific 
Bioflow fermentors, at a stirrer speed of 900 rpm. The pH was 
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kept constant at pHS.O via the automatic addition of 2 mol 1~ 
1 NaOH. Antifoam (BDH) was added automatically at fixed time 
intervals. The fermentors were flushed with air at a flow 
rate of 0.8 1 min"*^. The starting working volume of the 
5 cultures was 1.0 or 1.4 liter. Samples of 30 ml were teUceh 
every hour for analysis of culture purity, dry weight, 
substrate consumption and product formation. 

Detennination of culture optical density and dry. weight 
10 Optical cell density of cultures was measured in a . 

spectrophotometer at 600nm. The dry weight of cultures was 
determined by centrifugation of 10.0 ml of culture, washing 
cells with demiheralized H2O, and drying the cellpellet 

overnight at 80 'C. Parallel samples varied by less than 1%. 



Concentrations of carbon cbmpotind's, ' like gliidose; ethcuiol, 
glycerol, acetate euid pyruvate were determined by KPIiG • 
analysis using *an Aminex HPX87H organic acids column of " 
20 Biorad at 65 'C. The column was eluted with 5 mM.H2S04. 

Detection was by means of a 2142 refractive index detector 
(IiKB) and SP4270 integrator of* SpectraPhysics . 

Analysis p£ CO2 production and- O2 .ccnsuiBption 

25 During cultivation in ffermentbrs, the dissolved carboridioxide 
concentration was continuously monitored by a cervomex IR 
PA4C4 gas analyzer and oxygen fiy a Taylor cervomex' OA 272 gas 
analyzer. The a^Dsolute amounts of gas consultation/production 
during the time couxse of the ' experiment- was calculated by ' 

30 the mean of the gas concentration, corrected for the 
decreasing volume of the culture. 

For oxygen consuicption capacity measurements of flask-batch 
grown cells, the cells were harvested, washed three times 
with ice-cold demineralized H2O, and resuspended in oxygraph 
35 buffer (1% Yeast Extract, 0.1 % KH2PO4, 0.12 % (NH4)2S04, pH 
4.5) at 200 OD units ml'l. Oxygen consumption capacity of the 
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Substrate consumption and product formation In liquid medium 
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cells was measured witli a ClarJc electrode, with 0.1 tnM 
ethanol as siibstrate. 

RHA Isolation, Northern analysis and labelling of DNA 
5 fragments 

Cells were harvested and RNA was isolated, separated on a 
non-denaturing 1,2% agarose gel and transferred to a 
nitrocellulose filter as described by De Winde (30) . 
Prehybridization was performed in hybridization buffer 

10 containing 50 microgram/ml single stranded salm spesnn DNA. 
(50% formamide, 25 mM NaPi pH 6.5, 5xSSc, SxDenhardt, as 
described by Maniatis (31) . DNA fragments used as probes in 
this study include a 840 bp Hindlll-Sall fragment from pJHl 
(30); a 1.6 3cb BamHI-Kpnl fragment containing the yeast actin 

15 gene (24); ; a 2.5 kb Hindlll-Sall fragment from YE23SH 
containing the QCR2 gene (25) / a 1333 bp Ncol-Hindlll 
fragment from pAZ6 containing the yeast PDAl gene (24) and a 
1.2 3cb BamHI-Hindlll fragment from YE23R-SOp/SUC containing 
the SUC2 gene (2,6) .. Fragments were labeled ?2p by - , ^ 

20 nicktranslation as described by Maniatis et al. Labeled 
probes, were added- to the prehybridization buffer and- 
hybridization was performed . overnight at 42'C.- Blots were 
washed once with 2x SSC 0.1%SDS, twice with IxSSC, 0.1%SDS 
and finally with 0.5x SSC, 0.1%SDS. Blots were air-dried 

25 completely and autoradiography was, performed with Kodak Xomat 
100 film or euaalysed by. a. Storm 840 Molecular Dynamics * 
Phosphor imager. .« _ ^ . : - 

Qiromosomal DMA Isolation and Southern blotting 
30 Chromosomal DNA was isolated according to the method 

described by Hoffman and Winston (34) . 10 microliter of the 
chromosomal DNA was digested with either BamHI or EcoRI . The 
digested DNA was separated on a 1% agarose gel and 
transferred to nitrocellulose filter as described in Maniatis 
35 (31) Prehybridization of the filters was performed at 65^0 in 
6XSSC, 5xDenhardt, 0.5% SDS and 100 microgram/ml salmon sperm 
DNA. After 4 hours prehybridization, a radioactive labeled 
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KpnI-Xb'al fragment from pKSP02-GPDHAP (see Figure IIB and 13) 
was added and hybridization was continued overnight at 65^0 . 
Blots were washed once with 2x SSC 0.1%SDS, twice with IxSSC, 
0.1%SDS and finally with 0.5x SSC, 0.1%SDS. Blots were air- 
5 dried completely and radioactivity was visualised and 

analysed by a Storm 840 Molecular Dynamics Phosphorimager . 

Description to the figrires 
10 Figure 1 

Simplified view of the carbon metabolism in glucose -repressed 
SeLccharomycea cerevialae cells.' Only a number of 

intermediates are shown, cuxd specific pathways for the 
utilization of other carbon sources thain glucose are only 
15 shown for maltose euid galactose « 

Figure 2' »'.•'• • ^. 

Transcriptional regulation of a 'typical- yeast promoter . ATG 
denotes the start codon of the correspbndihg traiislational 
20 open reading frame'. Abbreviations: uis, upstream induction 

site; UAS, upstream activation site;' URS; upstream repressor 
site; T, TATA-box, 1, initiation site 1 

Figure 3 , ' ;! • . 

25 Schematic representation of the regulatory pathways involved 
in glucose repression of a number of genes in yeast. * 
Activating functions are denoted as (+) , • ."■ 
repressing/inactivating functions as {-) , and interactions 
which are not resolved- yet are denoted as (?) . ' 

30 ... • - . , . • .. • . 

Figure 4 

nucleotide and amino- acid sequence of the HAP2 gene 
Figure 5 

35 nucleotide and amino-acid sequence of the HAP3 gene 
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Figure 6 

nucleotide and amino -acid sequence of the HAP4 gene 
Figure 7 

5 illustrates the construction of YCplaclll : :ADH1-HAP4 , a yeast 
shuttle vector where HAP4 is expressed from the ADHl 
promoter. Plasmids are not drawn to scale. 

Figure 8 . 

10 nucleotide and amino-acid sequence of the ADH1-HAP4 fusion 
Figure 9 , 

northern blot analysis of HAP4 overexpression. Dll containing 
YCplaclllADHl (WT) and DLl containing YCplaclll : : AbHl-HAP4 
15 (+HAP4) were grown in medium -containing 2% glucose (D) or 2% " 
ethanol/2% glycerol. (EG), Total RNA was hybridized with 
probes specific for HAP4, act in (ACT), QCR8, or SUG2 mRNA. 

:.Figrure-10 . •.. _^^ . '1; 

20 / Biomass yield. Dll containing YCplaclll: : ADHl (DLl > arid DLl 
containing YCplaclll :: ADHl -HAP4 (DLIHAP) were grown in • 
fermentors. Samples for determination of dry weight and 
glucose concentration were taken with an interval of ^dne 

'hour. . ■ \ - J ■ ' - . , . 



25 



30 



Figure 11 . . . 

A. Construction of the plasmids p425-GPDHAP4, p425-TEFHAP4 , 

B. Const ruction of the plasmids pKSP02-GPDHAP4 and pKSP02- 
TEFHAP4 - V 



Figure 12 

A. nucleotide and amino acid sequence of the GPDl promoter 
fused to the coding region of HAP4 . 

B. nucleotide and* amino acid sequence of the TEF2 prora^oter 
35 fused to the coding region of HAP4 . 

The fragments shown are the fragments as cloned into pKSP02 
and represent the sequence as integrated in the genome 
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Figiire 13 • 

Scheme of genomic DMA at HAP4 and SIT locus and chromosomal 
rearrangements after integration of the plasmid' pKSP02-GPDl 
5 or pKSP02-TEFHAP4 on either the SIT2. locus or the HAP4 locus, 
and. after counterselection on f luoro-acetamide (Fac) . 
Fragments generated after digestion with BamHI or EcoRI which 
hybridize with the i^nl-Xbal probe (shown as thick black bar) 
are visualized for comparison with the Southern blots shown 
10 ^ in Figure 13 and 15. SITpr: SIT2' promoter, HAP4pr: HAP4 

promoter, G/Tpr: GPD or TEF promoter, B: BamHI, E: EcoRI, K: 
Kpnl, X: Xbal, FacR: fluoro-acet amide resistant. 

Figure 14 

15 Southern blot of chromosomal DNA digested with BamHI of 

trsuisforraants with pKSP02-GPDHAP (GH) or pKSP02-TEFHAP (TH) 
integrated at the HAP4 locus. The blot. -was: hybridized with 
the K^nl-Xbal probe shown in Figure 12, visualizing fragments 
containing SIT2 cuid/or HAP4 sequences. Radioactivity was • 

.20 visualised and analysed by a Storm. 840 Molecular Dynamics 
Phosphorimager. 

Flgixre 15 . .. . . 

Northern blot of total mRNA of transformants with pKSP02- 
25 GPDHAP (GH) or pKSP02 -TEFHAP (TH) integrated at the HAP4 

locus as in Figure 14. The blots were hybridized with probes 
. specific for HAP4, QCR8 or-^PDAl. 

Figure 16 

30 Southern blot of chromosomal DNA digested with BamHI or EcoRI 
of tramsf ormsuits containing pKSP02 -GPDHAP (GH) cr pKSP02- 
TEFHAP (TH) integrated at the SIT2 locus (A) and three clean 
transformeuits containing the GFDHAP4 or TEFKAP4 fusion after 
counterselection on f luoro-acetamide (B) . The blot, was 

35 hybridized with the Kpnl -Xbal probe shown in Figure 12, 

visualizing fragments containing SIT2 and/or HAP4 sequences. 
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Figure 17 

Northern blot of total mRNA of trans formants with pKSP02- 
GPDHAP (GH) or pKSP02 -TEFHAP (TH) integrated at the SIT2 
locus as in Figure .16. The blots were hybridized with probes 
S specific for HAP4, QCR8 or PDAl mRNA. 
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Table I. Effect of induced expression of HAE4 on 

transcription . ^ 

gene protein fiinctional expression expression 



HAP 4 in in ■ 
binding' wildtype HAP4 
site on glucose overproducer 
on glucose 



QCR8 • 11 kO siibunit + 

viir 

QCR7 14 kD subunit + 

VII 

QCR2 40 kb subxinit + 

II 

CYCl iso-1- + 

cytochrome c 

SUC2 invertase • 



repressed induced 

repressed induced 

repressed induced 

repressed induced 

repressed repressed 



.5 Table .II- . Oxygen consumption capacity of Dll and DLIHAP yeast 
cells ■ . • 

oxygen consun^tion 

' nmol/min/mg dry weight ■ - 



Glucose <4%) -grown 
cells 



Lactate-grown cells" 



DIjI 

DLIHAP 



9.4 •' • 

18 . 1' (1.9 X wt Glu) 



88.1 (9.4 X wt Glu) 
86.7 (9.2 X wt Giu) 



Table III. Bi bmass yield 



• strain 


Yglu 








dry 


weight . g* ^Glu 


Dll 


10 


-1 




DlilKAP 


14 


.8 
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Table IV, Carbon compounds in culture medium during batch 
growth in fermentors. Data are mean values of several 



strain 


etheuiol 


acetate 


glycerol 




mol .L~l .g"^ 


dry weight 


cells 


Dll 


79.5 


1.6 


10.2 


DLIHAP 


49.4 


3.6 


2.9 



Table V. Carbon fliixes indicated as percentage mol C of 
consumed glucose Carbon balance DIil=103%, DLlHRPal08% 



strain 


C02-TCA 


ethanol 


acetate 


glycerol 


biomass 


Dll 


7.3 


72.5 


1.4 


9.5 


12.2 


DIilHAP 


15.5 


66.0 


5.0 


4.0 


17,8 



Table VT. Oxygen consumption capacity of- induBtrial strains 

oxygen consun^tion 
nmol/rain/mg dry weight 



Glucose (4%) -grown cells Lactate -grown cells 

DS28911 25.3. . . ND 

DS28911-GH2a 104.0 (4:.lx wt.glu). , ND 

DS28911-TH2a 75.0. ,..(3. Ox wt glu) ND 

DS18332 31.5 ^ 241 (7.7x wt glu) 

DSia332-GHla 94.5 (3.0x wt glu) ND 

DSia332-TH2a . 70.3 (2..2X wt .glu) . ND • 

bS19806 23 .8 ' ' ' ND 

DS19806-GHla 87,2 (3 .7x wt glu) . ND . 

DS198Q6-TH2a^ " 65.6 f2 . 8x wt glu) 



ND 
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CLAIMS 

1. A method for providing a micro-organism which has a 
preferred metabolic pathway in the presence of a certain 
carbon source with the capability to inhibit or circumvent 
said preferred metabolic pathway, comprising providing said 

5 micro-organism with the capability to derepress or circumvent 
the repression of at least one metabolic pathway which is not 
preferred in the presence of said certain carbon source. 

2. A method according to claim 1 whereby the carbon source- 
is glucose. 

10 3. A method according to claim 1 or 2 whereby the micro- 
organism is a yeast. 

4. A method according to claim 3 whereby the yeast ' is a 
Saccharomyces. 

5. A method according to claim 4 whereby the Saccharomyces 
15 is a Saccharomyces cej:evx3ia.e. 

6. A method according to' 4hybhe of the aforegoing claims 
whereby the repressed met holism oe other carbon sources 
coh^jrises the respiratory pathWay or gluconeogenesis . ' 

7. A method according to anyone of the aforegoing claims 
whereby the repressed met abbl ism is restored to a significant 
extent by activation of the pathways for metabolism for the 
non-preferred carbon source^ V 

8. A method according to clairi 7 whereby said activation is 
achieved' by providing the micro-organism with at least one 
transcriptional activator for ^t least one gehe ehcodihg an 
enzyme in' said pathways. ' • ■ 

9 - A method ' accbirding to 'claim * 8 whereby the 
transcriptional -activator is provided by introduction into 
the micro-organism of a recombinant nucleic acid encoding 
30 said activator. 

10. A method according to claim 9 whereby said recombinant 
nucleic acid is an expression vector. 



20 



25 
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11. A method according to claim 9 and 10 whereby the 
recombinamt nucleic acid is derived from the same species as 
the micro-organism. 

12. A method according to any one of claims 8-11, whereby 

5 the transcriptional activator is cons ti tut ively expressedr by 
said micro-organism. 

13. A method according to any one of claims 8-11 whereby the 
trcm.scriptional activator can be expressed by the micro- 
organism upon induction. 

10 14 . A method according to claim 13 whereby expression of 
said activator is induced by the presence of glucose. 
15. A method according to anyone of claims 8-14 whereby the 
transcriptional activator is a HAP4 protein or. a functional 
equivalent, derivative or fragment thereof . 

15 16. A method according to anyone of the aforegoing claims 
whereby , the micro-organism comprises a recombinant^ nucleic 
acid encoding a protein of .interest .^ . ... *: 
17. A method, according tp . plaim 16 whereby said, recombinant 
nucleic acid is an expression vector. 

20 18. A method according to claim 16 or. 17 whereby said . 
protein of interest is a heterologous protein. ... 

19. A micro-orgauiism obtainable by. a. method according to 
anyone of the aforegoing claims . • r . _ . 

20. A micro -orgamism according, to claim 19 having improved 
25 biomass yield upon culturing. , , . 

21. A micro-organism according to claim .19 or 20 showing 
increased glucose oxidation. , ;.. - • • • 

22. A micro-organism according to claim.. 19, 20^ or 21 
displaying increased oxidative sugar met adpolism. 

30 23. A micro-organism according to any one of claims 19-22 
displaying reduced production of ethcinol. 

24. A micro-organism according to anyone of claims 19-23 
which under anaerobic culturing conditions behaves 
essentially the same as the corresponding micro-organism not 
35 provided with the capabilities of anyone of claims 1-18. 
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GLUCOSE REPRESSED YEAST CELL 



Glucose 




GLU-6-P 



FRU-6-P 



FRU-1,6-P 




Figure 1 



— GLUCOSE REPRESSED/INACTIVATED REACTIONS 
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Figure 2 



UIS UAS URS ^ 



ATG 

I 

H ■ 

t 




mRNA Start 
200-1400 bp ^ 



FIG. 2 




FIG. 3 
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Figure 4: Nucleotide and amino acid sequence of HAP2 

TCGTTATTTAGCAATCTTACCCGGAAAACTTCTTGTATCGTAACATTAATTCTCCCTTAC 
10 20 30 40 50 60 

AAGGGGACCTCGATGAATAAATAAAGTGTTTGTGTTGAAGGTACTTGCAAAAGGGCAACT 
70 80 90 100 110 120 

CACrGTCGTTTATAATTTGATTTACTAATCGCATCTGTATTTGGAAAAGCATTTCT^ 

130 140 ISO 160 170 180 

MSADETDAKFHPL 
GGAAGAGGAACAAGAACGCCATGTCAGCAGACGAAACGGATGCGAAATTTCATCCATTAG 
190 200 210 220 230 240 

ET D LQS DTAAATS TAAA S.;R S 
AAACAGATCTGCAATCTCATACAGCGGCTGCAACATCAACGGCAGCAGCTTCACGCAGTC 
250 260 270 280 290 300 

PSLQEKPIEMPLDMGKAPSP 
CCrCTCTTCAAGAGAAGCCCATAGAGATGCCCTTGGATATGGGAAAAGCGCCTTCTCCAA 
310 320 330 340 350 ~ 360 

RGEDQRVT NEEDLFLFNRLR 
GAGGCGAAGATCAACGGGTTACAAATGAAGAAGATTTGTTTTTGTTTAACAGATTGCGGG 
370 380 390 400 410 420 

A S Q N R V M D^S L E P Q Q Q S-Q Y'T/S' 
CATCACAGAATAGAGTTATGGACTCGTTCGAACCACAACAACAGTCACAGTATACATCTT 
430 . . • .440. •/ 450 . -460., \\ 470 ' 480 

SS VSTMEP S ADFT.S FSAVTT 
CCAGTGTCAGTACGATGGAACCATCTGCCGACTTTACTAGTTTCTCTGCAGTGACTACTT 
490 500 510 520'i 530 540 

LPPPPHQQQ QQQ. QQQQQQQQ 
TACCGCCTCCTCCTCATCAACAACAACAGCAACAACAGCAGCAGCAGCAGCAGCAGCAAT 
550 560 570 580 590 600 

L y V Q A Q Y t; q N' jq pn'lqsdvlg 

TGGTGGTTCAAGCCCAGTACACCCAAAATCAACCAAACTTGCAAAGCGATGTTTTAGGAA 
610 620 'V630 .640 650 660 



TA I A EQ P FY. VNA K Q Y Y R I L K 
CCGCTATAGCAGAGCAACCATTTTATGTTAATGCCAAGCAGTACTACCGAATTTTGAAAA 
670 680 690^* 700 710 720 



R R^Y A R A K L E E K L R I S R E R K P 
GGCGATATGCAAGAGGTAAACTAGAGGAAAAGCTACGAATATCAAGAGAACGAAAGCCAT 
730 740 750 760 770 780 



YLHESRHKHAMRRPRGEGGR 
ACTTACACGAATCTCGACATAAACATGCGATGCGAAGACCTCGTGGTGAAGGTGGGAGGT 
790 800 810 820 830 840 



FLTAAEIKAMKSKKSGASDD 
TCTTGACAGCCGCTGAGATCAAAGCCATGAAATCGAAGAAAAGTGGGGCTAGCGATGATC 
850 860 870 880 890 900 
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PDDSHEDK KITTKIIQEOPH 
CTGACGATAGTCATGAGGATAAAAAAATCACTACTAAAATAATACAAGAACAGCCGCATC 
910 920 930 940 • 950 . 960 

ATSTAAAADKKT* 

CTACTTCCACCGCAGCTGCAGCAGACAAAAAAACATAATTTTGTAATATTCCAATGTTAA 
970 980 990 1000 1010 1020 

TATCATTCCTAAAAGAACTAAAAGTGCCCTCTTATACCACATGGTATCCATATGGCCTAT 
1030 1040 1050 1060 1070 1080 

TTAATCTGAATCAATATGTATATGTACTTTTACCAATCTCGTTTCGTTTCGm 

1090 1100 1110 1120 1130 1140 

ATTTCTAAGAGACCTATGTACTCCGCTGGAAAAGAAACCATATTGCGATCGTATTTAC 
1150 1160 1170 1180 1190 
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Figure 5: Nucleotide and amino acid sequence of HAP3 

CAAACCTTCTGCCAAAATATAGCACAATAGAAGTACCATATTACGTTCGATGCCACGACA 
10 20 30 40 50 60 

ATATCGCGCrACGTGCGTTTTTTGGTCCGCTCTTTCAGACTAAGTA 

70 80 90 100 110 120 

AATAGTAGCTTTCCGCCAATCAAACTCAAGAGCAGGACTAAGCTAGATAGTAACACAAGT 
130 140 150 160 170 180 

MNTNESEHVSTS P 
GGCACAAACCTCTCGAGAATATGAATACCAACGAGTCCGAACATGTTAGCACAAGCCCAG 
190 200 210 220 230 240 

EDTQENGGNASSSGSLQQI S 
AGGATACrCAGGAGAACGGTGGAAACGCrAGCTCCAGCGGCAGTTTGCAGCAAATTTCCA 
250 260 270 280 290 300 



TLREQDRWLPINNVARLMKN 
CGCTAAGAGAGCAGGACAGATGGCTACCCATCAACAATGTAGCGCGACTCATGAAGAATA 
310 320 330 340 350 360 



TLPPSAKVSKDAKECMQECV 
CTCTCCCACCGAGTGCTAAGGTATCGAAAGATGCGAAAGAGTGCATGCAGGAGTGTGTCA 
370 380 390 400 410 420 



SELISFVTSEASDRCAADKR 
GTGAGCTCATTTCTTTTGTGACTAGCGAGGCCAGCGATCGATGCGCTGCTGACAAAAGAA 
430 440 450 460 470 480 



KTINGEDILISLHALGFE NY 
AGACGATAAACGGGGAAGACATTCrCATATaVTTGCACGCCTTAGGATTCGAGAACTATG 
490 500 510 520 530 540 



AEVLKIYLAKYRQQQALKNQ 
CAGAGGTGTTGAAAATCTACTTGGCTAAATACAGGCAACAACAGGCGCTGAAGAATCAAC 
550 560 570 580 590 6a0 

LMYEQDDEEVP* 

TAATGTATGAGCAGGACGACGAAGAGGTGCCTTGAGAAGACAAAACCAGGTGGTAGATCG 
610 620 630 640 650 660 



670 680 690 700 710 720 

CTCXn*GTAATTAATGAATGTAACGATATAGATAATATTTTATTGTTAGTGTGTAATGTAT 
730 740 750 760 770 780 



TCAATGTAATGTATGGGTGCTTTGTAAAGGGTGTATGATGTTTGCCACCGGAAGG 
790 800 810 820 830 
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Figure 6: Nucleotide and amino acid sequence of HAP4 ^ 

TAAAGGAACCAGAAAAATAAAAAAGGGTCATTATTTATTTGAGCAG^^ 

10 20 30 40 50 60 

CATAGGAAGAGAAAAAACACAGTTTTATTTTTTTTCCACACATATTTATTGGTCrCCT^^ 
70 80 . 90 ioo 110 120 

TACATCAAAGAGCATTTTAATGGGTTGCTGATTTGTTTTACCTACATTTTCTAGTACAAA 
"° . ISO 160 - 170 . 180 

MTAKTFLLQASAS 
AAAAAAACAAAAAAAGAATCATGACCGCAAAGACTTTTCTACTACAGGCCTCCGCTAGTr 
190 200 210 220 230 , 2^0 

RPRSNH FKNEHNNlPLAp'v p 
GCCCTCGTAGTAACCATTTTAAAAATGAGCATAATAATATTCCATTGGCGCCTGTACCGA 
^50 .260 270 280 290 300 

lAPNTNHHN-NSS LEFENDGS 
TCGCCCCAAATACCAACCATCATAACAATAGTTCGCTGGAATTCGAAAACGATGGCAGTA . " 
310 320 330 .340 . 350 - 360 

KKKKKSSLv'vRTSKHWVLPP 
AAAAGAAGAAGAAGTCTAGCTTGGTGGTTAGAACTTCAAAACATTGGGTTTTGCCCCCAA • 
370 380 390 400 410 420, 

RP 'RPGRRSSSH NTLPANNTN 
GACCAAGACCTGGTAGAAGATCATCTTCTCACAACACTCTACCTGCCAACAACACCAATA 
. 430 . -^.^O; , 450 . 460:, . . 470 . 480 

N I L N V G P N S R N S S N n' " n' N N ' n" N 
ATATTTTAAATGTTGGCCCTAACAGCAGGAACAGTAGTAATAATAATAATAATAATAACA 
490 500 .510 . 520 , 530 540 

I I s"^ N R . k; q -a- s. ,'k e' k : r k I p R H . I o ■ 

TCATTTCGAATAGGAAACAAGCTTCCAAAGAAAAGAiSGAAAATACCAAGACATATCCAGA 
550 . 560 570 , 580 590 . 6a0 

T I D, E .K L.I N p S : N ' Y L A 'f L K F 'D D " ■ 

CAATCGATGAAAAGCTAATAAACGACrCGAATTACCTCGCATTTTTGAAGTTCGATGACT 
610 620 630 640 650 660 

L E N E k F H S .S A s' SISSPSYSS 
TGGAAAATGAAAAGTTTCATTCTTCTGCCTCCTCCATTTCATCTCCAT^ 

. 670 \ ;.:680 , . 690' . ; 700 710 720 

P S F S .S , Y R N .R K ,,K S - E F M D D E S C 

CATCrrriTCAAGTTATAGAAATAGAAAAAAATCAGAATTCATGGACGATGAAAGCTGCA 

730 740 750 760 . 770 ' • -780 ' 

TDVET IAA HNSLLTKNHHID. 
CCGATGTGGAAACCATTGCTGCTCACAACAGTCTGCTAACAAAAAACCATCATATAGATT 
790 ,800 .8X0 ' 820 830 840 

SSSNVHAPP.TK. KS KLNDFDL 
CTTCTTCAAATGTTCACGCACCACCCACGAAAAAATCAAAGTTGAACGACTTTGATT^ 

: S50 860 870 880 890 900. 

lslsstsssatpvpqltkdl 
tgtccttatcttccacatcttcatcggccactccggtcccacagttgaca;^^^ 

910 ^20 930 940 950 960 



WO98/2<i079 
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PCT/NL97/Qd688 



NMNLN F HKI PHKASFPDSPA 
ACATGAACCTAAATTTTCATAAGATCCCTCATAAGGCTTCATTCCCTGATTCTCCAGCAG 
970 - 980 * 990 1000 1010 * ' 1020 

DFSPADSVSLIR^NHSLPTNL 
ATTTCTCTCCAGCAGATTCAGTCTCGTTGATTAGAAACCACTCCTTGCCTACT 

1030 1040 1050 1060 1070 1080 

QV K D K I E D L NB I K F F*N D F-EK 
AAGTTAAGGACAAAATTGAGGATTfGAACGAGATTAAATTCTTTAACGATTTCGAGAAAC 
1090 1100 1110 1120 1130 1140 

L E F F N K Y A KVN TNN D VN ENN 
TTGAGTTTTTCAATAAGTATGCCAAAGTCAACACGAATAACGACGTTAACGAAAATAATG 
1150 1160 1170 1180 1190 1200 

D L W N S Y LQ S MD DTTG K N S,G. N 
ATCTCTGGAATTCTTACTTACAGTCTATGGACGATACAACAGGTAAGAACAGTGGCAATT 
1210 1220 1230 1240 1250 1260 

Y Q Q V D N /D D N M S L L N "L P I L EE 
ACCAACAAGTGGACAATGACGATAATATGTCTTTATTGAATCTGCCAATTTTGGAGGAAA 
1270 1280 1290 1300 1310 1320 

T V S S G Q D D K V E P D E E D I W N. Y 
CCGTATCTTCAGGGCAAGATGATAAGGTTGAGCCAGATGAAGJOVGACATTTGGAATTATT 
1330 1340 1350 ^ ,1360, 1370 1380 

L P 'S S 'S S* Q Q .E D S 'S'.'r A l 'k K N T N ' 
TACCAAGTTCAAGTTCACAACAAGAAGATTCATCACGTGCTTTGAAAAAi^ 

1390 1400 1410 . 1420 . . 1430, . 1440 



S E KAN I Q A K N D E T Y L "f L Q 'd Q 
CTGAGAAGGCGAACATCCAAGCAAAGAACGATGAAACCTATCTGTTTCTTCAGGATCAGG 
1450 1460 1470 . . *^1480 . 1490 1500 



DESADSHHHDEL.GSE^ITLAD 
ATGAAAGCGCTGATTCGCATCACCATGACGAGTTAGGTTCAGAAAXCACTTTGGCTGACA 
♦ 1510 1520^ 1530* 1540- -\ XSSO ' ' 1560 



N K F S Y L P ' P T L E E L M E ' E Q D " C. N ' 
ATAAGTTTTCTTATTTGCCCCCAACTCTAG 

1570 1580 1590 1600 '^1610 * 1620 

N G R S F K N F M F S . N D T G I G / S A 

ATGGCAGATCTTTTAAAAATttCATOI^TTCC • * 

1630 1640 1650 ' 1660 1670 1680 

G T D D D Y T K V L K S K K I. S T S K S 
GTACTGATGACGACTACACCAAAGTTCTGAAATCCAAAAAAATTTCTACGTCGAAGTCGA 
■ 1690 1700 ' 1710 "1720 " 1730 ' 1740 



N A ' N L Y D L N D N N N D A T A T N E L " 
ACGCTAACCTTTATGACTTAAACGATAACAACAATGATGCAACTGCCACCAATGAACTTG 
1750 1760 1770 1780 1790 1800 



DQS S FIDDLDEDVDFLKV QV 
ATCAAAGCAGTTTCATCGACGACCTTGACGAAGATGTCGATTTTTTAAAGGTACAAGTAT 
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1860 



1810 1820 1830 1840 1850 



ATTATACAATAAAAAATTCTT^^^^ 

1940 1950 I960 1970 1980 

CCTTTTCCTTCAACAACAAAAATTC^ 

iSSU 2000 2010 2020 2030 2040 

TTTTTTAATGATGTTAATGATTTTT 
2050 2060 
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Construction YCplacl 1 1::ADH1-HAP4 



A OH I -promoter 




BspHI 




* Digestion with Smal and Pstl 



* Digestion with 

* Blunting with 

* Digestion 
♦Isolation 2621 



Bspm 

T4 DNA polymerase 
withjPjrl 

bp HAP4 fragment 



ligation YCplacl 1 l::ADHl*SmaI/Psa with HAP4 fragment 



EcoRl 



ADH I -promoter 




Figure 7 
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Figure 8: Nucleotide and amino acid sequence of the ADHl 
promoter fused to the coding region of HAP4 



atocttttgttgtttccgggtgtacaatatggacttcctcttttctggeaaccaaaccoa 
60 



10 20 30 40 50 



tacatcgggattcctataataccttcgttggtctccctaacatgtaggtggcggagggga 



120 



gatatacaatagaacagataccagacaagacataatgggctaaacaagactacaccaatt 
180 "° "° ISO 160 170 



acactgcctcattgatggtggtacataaogaactaatactgtagccctagacttgatagc 
"° . 210 220 230 



catGatcatatcgaagtttcactaccctttttccatttgccatGtattgaagtaataata 
300 ■ ' 290 



ggcgcatgcaacttcttttctttttttttcttttctctctcccccgttgttgtctcacca 
360 ' ... 3*0 350. 



tatccgcaatgacaaaaaaaatgatggaagacactaaaggaaaaaattaacgacaaagac 

' 330 400 410 



agoaccaacagatgtcgttgttccagagctgatgaggggtatcttcgaacacacgaaact 
4ao 470 . 



ttttccttccttcattcacgcacactactctctaatgagcaacggtatacggccttcctt 
■540 ' ■ ■ ' ■510 . =520 530 '- " 



ccagttacttgaatttgaaataaaaaaagtttgccgctttgctatcaagtataaatagac 
Soo ^■'^ 590 



ctgcaattattaatcttttgtttcctcgtcattgttctcgttccctttcttcct 



tgtttc 
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610. • 620 . 630 640 650 

660 



tttttctgcacaatatttcaagctataccaagcatacaatcaaggaattcgagctcaccc 
670 680 690 700 * 710 

720 

MTAKTFLLQASASRPRSN-H 

F 

cATGACCGCAAAGACTTTTCTACTAaiGGCCTCCGCTAGTCGCCCTCGTAGTAACCAT^ 
730 740 750 760 770 

780 

KNEHNNIPLAPV. PIAPNTN 

H 

TAAAAATGAGCATAATAATATTCCATTGGCGCCTGTACCGATCGCCCCAAATACCAACCA 
- 790 800 810 820 830 

840 

HNNSSLEFENDGSKKKKKS 

S 

TCATAACa^TAGTT.GGCTGCSAATTCGAAAACGATGGCAGTAAAAAGy^ 

850 860 870 880 : 890 

900 

LVVRTSKHWVLPPRPRPG R 

' ' - ' ■ - 

CTTGGTGGTTAGAACTTC3U\AACATTGGGTTTTGCCCCCAAGA 

910 920 930 940 950 

960 

S S S H N T L ' P A N • N T N N I Ij N V G 

P 

ATCATCTTCTCACAACy^CTCTACCTGCCAACAACACCAATAATATT^ 

. 970 • '980 - . 990 . '.1000 1010 5 ' 

1020 . K 'jt 

NSRNSSNMNNNNNI I SNRK 

Q 

TAAGAGGAGGAACAGTAGTAATAATAATAATAATAATAACATCATTTCGAATAGG 
1030 1040 1050 1060 1070 

1080 

ASKEKRKI PRH IQTIDEKL 

I 

AGCTTCO^AAGAAAAGAGGAAAATACCAAGACATATCCAGACAATCGATGAAAAGCTAAT 
1090 1100 1110 1120 1130 

1140 



"^Onni^m ^^^^^ PCT/NW7/00688 

^ ^ ^ S N Y L A P I, K P D D I. E N E K p 

AAAO^CTCC^TTACCTCCCAXTTTTC^O^^^^ 

1200 X18Q 1190 

^ SSASSISSPSYSSP SPSSY 



TTCTTCTGCCTCCTCCATTTCATCTCCATCTTAW^^ 
1260 



1210 ■ 1220 1230 1240 1250 



A 



NRKKSEF MDDESCTDVET 



AAATAGAAAAAAATCAGAATTCATCSGACGATGAAAGCTGC^^ 

1320 - 1290 . 1300 1310 



AHNSLLTKNHHID 



S S S N V H 



TGCTCACAACAGTCTGCTAAaiAAAAACCATCATATA^^ 

1380 ""70 



S. 



PPTKKSKLNDFDLLSLSST 



ACCaiCCCACGAAAAAATCmAAGTTGAACGACTTTGArrTATTG 

1440 ^^^^ l'*^® 

^ SSAT P VPQIiTKDLNMNLN F 

TTCATCGGCCACTCCGGTCCCACAGTi-GACAAAAGATTTGAAaiTG^ 
1500. l"f> 



S 



KIPHKASFPDSPADFSPAD 



TAAGATCCCTCATAAGGCTTOITTCCCTGAT^ 

15gQ 1510 1520 1530 1540 1550 



VSLIRNHSLPTNLQVK 



D K I 



AGTCTCGTTGATTAGAAACCACTCCTTGCCTACTAATTTGCAAGTTAAGGACAAAATTf^ 
1620 ^^'^^ ^^1° 

DLNEIKFFNDFEKLEPFNK 
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GGATTTGAACGAGATTAAATTCTTTAACGATTTCGAGAAACTTGAGTTTTTC^ 
1630 1640 1650 1660 1670 

1680 . - - 

AKVNTNNDVNENNDIiWNS Y 

L 

TGCaU^GTCAAGACGAATAACGACGTTAACGaU^AATAATGATCTCTGGAAT^ 
1690 1700 1710 1720 1730 

1740 

Q SMDDTTGKNSGNYQQVD N 

D 

ACAGTCTATGGACGATACy^CAGGTAAGAACAGTGGCAATTACCAACAAGTG<^ 
1750 1760 1770 1780 1790 

1800 

D~NMSLLNLP ILEETVS SGQ 

D 

CGATAATATGTCTTTATTGAATCTGCaUVTTTTGGAGGAAACC^ 

1810 1820 1830 . 1840 , 1850 

1860 - 

DKVEPDEEDIWNYLPSS S S 

°- , ■. . . • , :.. ,:. V ; -,. .. .. .., 

TGATAAGGTTGAGCCAGATGAAG/UIGACATTTGGAATTATTTACCAAGT^ 

1870 1880 1890 1900 1910 

1920 •• V.-' . t". . ..: . 

i. - . } ' i\' 

QEDSSRALKKNTNSEKA NI 

Q . . r / • : 

ACAAGAAGATTCATCACGTGCTTTGAAAAAAAATACTAATTCTGAGAAGGCGAACATC 

1930 1940 1950 , . 1960 1970 

'1980' ......... . . . 

AKNDETYLFLQDQDES A '* d' S 

H 

AGCAIUIGAACGATGAAACCTATCTGTTTCTTCAGGATCAGGATGAAAGCGCTGACT 
1990 2000 2010 2020 2030 

2040 • \ , - • ■ ■ '■ ■ *- ' 

HHDELGSEITLADNKFS YL 

P 

TCy^CCATGACGAGTTAGGTTCAGAAATCACTTTGGCTGACAATAAGTTTTCTTATTTGCC 
2050 2060 2070 2080 2090 

2100 

PTIiEELMEEQDCNNGRS F K 

N 

CCCM.CTCTAGAAGAGTTGATGGAAGAGCAGGACrGTAACAATGGCAGATCTTTTAAAA^ 



y*^.^^ FCT/NL97y00688 
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2160 2130 2140 2150 

^ ^ "FSNDTGIDGSAGTDDDy 

TTTCATGTTTTCCAACGATACqGGTATTGACGG^^^ 

^ KVLKSKKISTSKSNANLYD 
CAAAGTTCTOaAATCa^AAaMATTTCXACGTC^ 

2200 2270 

^ ND NNNDATA TNELDQSSPI 



AAACGATAACAACAATGATGCAACTGCCACCAATiaA^ 
2340 



2290 2300 2310 2320 2330 



D L D E D V D. P, L K V Q V P * 

CQACCTTGACGAAGATGTCGATTTTTTAAAGGTAaUVGTATTTTAAggtiaatcc 
2350 2360 2370 ' ' 2380 2390 



WO9Sa6079 PCT/NL97/00d88 
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Figure 12A. Nucleotide and amino acid sequence of the 680 bp 
GPDl promoter fused to the HAP4 coding region, 
as cloned in pKSP02 and integrated in the yeast 
genome 
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PCT/NL97/p068S 



S S NNN NNNNIISN. R KQ .A S KE 
1081 nil 

AAG AGG AAA ATA CCA AGA CAT ATC GAG ACA ATC GAT GAA AAG CTA ATA AAC GAG TCG AAT 

K RKIPRHIQTI DEKLI ND SN 
1141 1171 

TAG CTC GCA TTT TTG AAG TTC GAT GAG TTG GAA AAT GAA AAG TTT CAT TCT TCT GCC Trr 

Y L A F L K F D D L E N E K F H • S S A S 
1201 1231 

TCC ATT TCA TCT CCA TCT TAT TCA TCT CCA TCT TTT TCA AGT TAT AGA AAT AGA AAA AAA 
1261 1291 

TCA GAA TTC ATG GAG GAT GAA AGC TGC ACC GAT GTG GAA ACC ATT GCT GCT CAC AAC apt 

SEFMDDESCTDVETIAAHNS 
1321 1351 

CTG CTA ACA AAA AAC CAT CAT ATA GAT TCT TCT TCA AAT GTT CAC GCA CCA GCC ACG AAA 

L LTKNHHIDSSSNVHAPPTK 
1381 1411 ^ 

AAA TCA AAG TTG AAC GAG TTT GAT TTA TTG TCC TTA TCT TCC ACA TCT TCA TCG GCC ACT 

KSKLNDFD LLSLSSTSSSAT 
1441 1471 

CCG GTC CCA GAG TTG ACA AAA GAT TTG AAC ATG AAC CTA AAT TTT CAT AAG ATC CCT CAT 

PVPQLTKDLNMNLNFHKI PH 
1501 1531 

AAG GCT TCA TTC CCT GAT TCT CCA GCA GAT TTC TCT CCA GCA GAT TCA GTC TCG TTG ATT 

KASFPDS P ADFSPADSVS LI 
1561 1591 . . t. i 

AGA AAC CAC TCC TTG CCT ACT AAT TTG CAA GTT AAG GAC AAA ATT GAG GAT TTG AAC GAG 

RNHSLPTNLQVKDKIEDLNE 
1621 1651 . 

ATT AAA TTC TTT AAC GAT TTC GAG AAA GTT GAG TTT TTC AAT AAG TAT GCC AAA GTC AAC 
I KFFNDFE KLEFFNKY-AK VN 
1681 : . . 1711 

ACiS AAT AAC GAC GTT AAC GAA AAT AA^ GAT CTC TGG AAT TCT tAC TTA CAG TCT ATG GAC 
TNNDVNEN.NDLWNSY LQSMD 
^''41 1771 

GAT ACA ACA GGT AAG AAC AGT GGC AAT TAC CAA CAA GTG GAC AAT GAC GAT AAT ATG TCT ' 
DTTG KNSGNYQQVDNDD NMS 
ISPl . ' . . 1831 

TTA TTG AAT CTG CCA ATT ^G GAG GAA ACC GTA TCT TCA GGG CAA GAT GAT AAG GTT GAG 
L LNL PI LEETVSSGQDDK VE 
1861 1891. 

CCA GAT GAA GAA GAC ATT TGG AAT TAT TTA CCA AGT TCA AGT TCA CAA CAA GAA GAT TCA 

PDEEDIWNYLPSSSSQQE DS 
1?21 .... 19S1 

TCA CGT GCT TTG AAA AAA AAT ACT AAT TCT GAG AAG GCG AAC ATC CAA GCA AAG AAC GAT 

SRALKKNT. NSEKANIQA K -ND 
1981 20X1 

GAA ACC TAT CTG TTT CTT CAG GAT CAG GAT GAA AGC GCT GAT TCG CAT CAC CAT GAC GAG 

ETYLFLQDQDESADSHHy DE 
2041 2071 

TTA GGT TCA GAA ATC ACT TTG GCT GAC AAT AAG TTT TCT TAT TTG CCC CCA ACT CTA GAA 
LGSEITLADNKFSYLPPT LE 
2101 2131 * " 

GAG TTG ATG GAA GAG CAG GAC TGT AAC AAT GGC AGA TCT TTT AAA AAT TTC ATG TTT TCC 

ELMEEQDCNNGRSFKNFMFS 
2161 2191 

AAC GAT ACC GGT ATT GAC GGT AGT GCC GGT ACT GAT GAC GAC TAC ACC AAA GTT CTG AAA 

NDTGIDGSAGTDDDYTKVLK 
2221 2251 
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TCC AAA AAA ATT TCT ACG TCG AAG TCG AAC GCT AAC CTT TAT GAC TTA AAC GAT AAC AAC 
•SKKISTSKSNANLYDLN DNN 
2281 2311 

AAT GAT GCA ACT GCC ACC AAT GAA CTT GAT CAA AGC AGT TTC ATC GAC GAC CTT GAC GAA 
NDATATNELDQSSFIDD LDE 
2341 2371 

GAT GTC GAT TTT TTA Aag gta caa gta ttt tga aat agg cat gCC gca ata aaa cga aaa 
DVDFLKVQVF* 

2401 2431 

caa eta aaa ate acg aaa aca aaa tga tat tat aca ata aaa aat tct tat tat ggg taa 
2461 2491 

tga tag tat tct teg cct gc.t tag gcg tec ttt tec ttc aac aac aaa aat tec aaa aaa 
2521 2551 

aaa aag taa aaa aac aaa act ttg att gtt ttt taa tga tgt taa tga ttt ttt ttt tct 
2581 . * 261 ' 

ttc ttt ate ata aaa aaa aag tt'a aaa tga aaa aca aat atg ggt ctg gaa ggc cat tat 
2641 2671 

ttt ttt ttt att tat ata ccg ttt ctg gta ctt agt tat tta ttc tea tac ata cae tat 
2701 2731 

att caa att acc taa gag cat ttt cac ata tec gtt tac ttt cat ttt ttt ttt ttt tgc 

2761 . 2791 ' , - 

ttc ctt ttt aca tat ett ccg tat ate aca tea cgt tta cgc gta tgg tga aac, acg tea 

2821 * ^ 2851 ■ ' ' 

aga gaa aaa tga taa .aat caa' at If ttg ,at.t ,j:ac ate agg etc cac agg aca ggg aaa tct 

2881 ■ • * ' 2911 

ate tag tga ggc gat aac tgt jgt .tpg ^tg tac tea ttt ^gaa ctg gae aaa ttg aaa att 
2941 , • ' 2971 • ' 

gag ctg aaa aca tgg gag cat' gat ttc act gat aaa aat aaa agg gaa ccc .aca agg gat 
3001 3031 

gae ate aag age ctg egg act gtt egg cag atg tat aaa ,caa tat tec aca ctg aag aag 
3061 ' 3091 

aaa caa tec ttg caa cga caa aaa gtt gae act caa gag teg gtt gaa etc ccg gca cat 
3121 3151 ' ^ ' • 

aaa aaa gae cac gae gaa gtc gta gag ata ggc cct act cec caa gtt tac' ggt aag gcg 
3181 - \ / ' 3211 ' ' 

att agt ate ttt gae atg aat ttg teg cct ata aag cct ata tac atg aca ttc aca aat 

3241 3271 

aat att gae gtt aac aat gat aac tec aag aca att tct aat gaa tct tct cca cga aaa 
3301 3331 

act att etc eta aaa teg teg cct gca gga att cga tat caa get tat cga tac cgt cga 
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Figure 12B. 



Nucleotide and amino acid sequence. of the 402 'bo 
TEF2 promoter fused to the HAP4 coding- region, 
as cloned m pKSP02 and integrated in the yeast 
genome 



2 

age 

62 
gta 

122 
tgt 

182 
ttc 

242 
ttt 

302 
' caa 

362 
tea 

422 
' gat 

482 

AAC. 
N 

. 542 
ACC 
T 

602 
. AAG 
K 
662 
GGT 
G 

722 
GTT 
V 

782 
AGG 
R 

842 
AAG 

902 
AAG 
K 
962 
AGT 
S 



tea atg ttt eta etc ctfc ttt 

cca ctt caa aac acc caa gca 

cgt taa tta ccc gta eta aag 

ttc gte gaa aaa gge aat aaa 

ttg att ttt ttc tct ttc gat 

ttt etc aag ttt cag ttt cat 

tta' gaa aga aag cat age aat 

ccc ccc ATG ACC GCA AAG ACT 
M T ' A K T . . 

CAT TTT AAA AAT GAG CAT AAT 
H F K N ' B H N ' 

AAC cat CAT Aa'c; AAT. AGT TCG 
N H H N-N S S. 

TCT AGC TTG' GTG G'TT. AGA ACT 
S S 1 V V ' R T 



32 



tac tct tec aga ttt tct egg act ceg egc ate gee 



92 . 

cag cat act aaa ttt 
152 

gtt tgg aaa aga aaa 

212 . 
aat ttt tat cae gtt 

272 

gac etc cca ttg ata 
332 

ttt tct tgt tct att 

■ 392 
eta" ate taa gtt tta 



TTT CTA 
F ■ L 

AAl'' ATT 
N ■ I 

CTG GAA^ 
L E 

TCA AAA 

S K 



AGA AGA TCA TCT TCT- CAC AAC. 
R R S S S H N . ' 



GGC CCt AAC AGC AGG AAQ AGT 
G ' P N S R N ^S. 

AAA CAA GCT TCC AAA GAA AAg' 
K Q A S K E K 

CTA. ATA AAC GAC TCG AAT TAC 
L I N D S N. y . 

TTT CAT TCT TGT GCCTCC TCC 
F H S S A S S 



TAT AGA AAT AGA AAA AAA TCA 
Y R N R K K S 



ACT CTA 
T h 

AGT AAT 
S N 

AGG AAA 
R K 

CTC GCA 
L A 

ATT TCA 
I S 

GAA TTC 
E F 



452 

CTA CAG GCC 
L Q A 
512. . 
CCA TTG GCG, 
P * L A 
572 

TTG. GAA AAC 
F " E N ' 
632 

CAT- TGG GTT 
H W V 
692- 

CCT GCC AAC 
PAN 
.752 
AAT, AAT AAT 
N N ' N 
812 . 

ATA CCA AGA 
I P R 

872. 

TTT TTG AAG 
P L K 
932 

TCT CCA TCT 
S P S 
992 

ATG GAC GAT 
M D D 



CCC etc ttt ctt CCt eta ggg 

aag aga ceg cet cgt ttc ttt 

tct ttt tct tga aaa ttt ttt 

ttt aag tta ata aac ggt ctt 

aca a9t ttt ttt act tct tgc 

att aca aat eta, gaa eta gtg 

TCC. GCT AGT CGC CCT CGT AGT 
S A ' S R p R s 

CCT GTA CCG ATC GCC CCA AAT 
P V P I A. , P N 

GAT GGC AGT. AAA AAG AAG AAG ' 

D G S K K. K K 

TTG CCC CCA AGA CCA AGA CCT 
L P p R P R p 

AAC ACC AAT AAT ATT TTA AAT 
N T N N I ; L N 

AAT AAT AAC ATC ATT TCG AAT 
N N N I I S N 

CAT ATC * CAG- ACA ATc' GAT GAA 
H I- Q T I D E 

TTC. GAT GAC TTG; GAA- AAT GAA 
F D D L E ,N E 

TAT TCA i TCT. CCA TCT TTT TCA 
Y S S P S F S 

GAA AGC TGC ACC GAT GTG GAA 
E S C T D • V E 
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, 1022 . . 1052 

' ACC ATT GCT\ GCT CAC AAC AGT CTG CTA ACA AAA AAC CAT CAT ATA GAT TCT TCT TCA AAT 

T 'I a 'a H N S L L T K N H H I D S S S N 
1082 1112 

GTT CAC GCA CCA CCC ACG AAA AAA TCA AAG TTG AAC GAC TTT GAT TTA TTG TCC TTA TCT 

VHAPPTKKSKLNDFDLLSLS 
1142 1172 

TCC ACA TCT TCA TCG GCC ACT CCG GTC CCA CAG TTG ACA AAA GAT TTG AAC ATG AAC CTA 
S T S S S A T -P V P Q L T K D L N M *N L 
1202/401 1232 

AAT TTT CAT AAG ATC CCT CAT AAG GCT TCA TTC CCT GAT TCT CCA GCA GAT TTC TCT CCA 
N F H K I P H KA S F PD S PA D FS P 
1262 1292 

GCA GAT TCA GTC TCG TTG ATT AGA AAC CAC TCC TTG CCT ACT AAT TTG CAA GTt AAG GAC 
ADSVSLI RNHSLPTNLQVKD 
1322 1352 

AAA ATT GAG GAT TTG AAC GAG ATT AAA TTC TTT AAC GAT TTC GAG AAA CTT GAG TTT TTC 
K I E D L N E I K F F N D F E K"L E F F 
1382 1412 

AAT AAG TAT GCC AAA GTC AAC ACG AAT AAC GAC GTT AAC GAA AAT AAT GAT CTC TGG AAT 
N K Y A K V N T N N D V^'N E N N D L'w N 
1442 1472 

TCT TAC TTA CAG TCT ATG GAC GAT ACA ACA GGT AAG AAC AGT GGC AAT TAC CAA CAA GTG 
S Y L Q S M D D T T G K N S G N Y Q *Q V 
1502 1532 

GAC AAT GAC GAT AAT ATG TCT TTA TTG AAT CTG CCA ATT TTG GAG GAA ACC GTA TCT TCA 
D N O D N M S L L N* L P I L E E T V' S S 
1562 1592 

GGG CAA GAT GAT AAG GTT GAG CCA GAT GAA GAA GA.C ATT TGG AAT, TAT TTA CCA AGT TCA 

G ' Q D" D K ' V E • P b E* . E t)" "'; f , W 'r N Y ' L* *p" S S 
1622 J 1652' 

AGT TCA CAA CAA GAA GAT TCA TCA CGT QCT. TTG AAA AAA AAT ACT. AAT TCT GAG AAG GCG 
S- S ' • Q- Q ■ E D' '■ S ' S- - R A C ^ K K" ;. n'\, T" N S E' K A 
1682 ' ■ . ' 1712 ' * 

AAC ATC CAA GCA AAG AAC GAT GAA ACC TAT CTG TTT QTT CAG GAT CAG GAT GAA AGC GCT 
N' • I Q - A N D - E - T Y' ■ L . F V L Q'' ^b" .Q'* D *e".S A 

= 1742/581 1772 ' 

GAT TCG CAT CAC CAT GAC GAG TTA GGT TCA GAA ATC ACT TTG GCT GAC AAT AAG TTT TCT 
D • S ' H H H D E L G S *; E I ' T L ' * A D N K F S 
1802 1832/611 

TAT TTG CCC CCA ACT CTA GAA GAG TTG ATG GAA GAG CAG, GAC. TGT^ AAC. AAT GGC AGA TCT 

Y L P P T L E E L M E E Q • D C N ' .1 N G R S 
1862 '1892 

TTT AAA AAT TTC ATG TTT TCC AAC GAT ACC GGT. ATT. GAC GGT AGT GCC GGT ACT GAT GAC 
F K N • F M • F S - N D T ' G I D " G S A' * G* T D D 
1922 . - 1952 ' " 

GAC TAC ACC AAA GTT CTG AAA TCd AAA AAA ATT TCT ACG TCQ AAG TCG AAC GCT AAC CTT 
D • Y- T" ' K * V- L - K • S K K . I S T " S" k" S 'n A N L 
1982 ' 2012 

TAT GAC TTA AAC GAT AAC AAC AAT GAT GCA. ACT GCC ACQ AAT GAA CTT GAT. CAA AGC AGT 

Y D L N D N N 'N'd A T A' T -N 'E* L' D Q S S 
2042 2072/691 

TTC ATC GAC GAC CTT GAC GAA GAT GTC GAT TTT TTA Aag gca caa gta ttc cga aat agg 
F I D D L D E D" v d F L K V O'V F • 
2102 2132 

cat gtt gca ata aaa cga aaa caa eta aaa ate acg aaa aca aaa tga tat tat aca ata 



2162 2192 

aaa aac tct tat tat ggg taa tga tag tat tct teg cet get tag gcg ccc ttt tec ttc 
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2222 



2252 



aac aac aaa aat tec aaa aaa aaa aag' caa aaa aac aaa act teg att gtt ttt taa tga 



2282 



2312 



tgt taa tga ttt ttt ttt tct ttc ttt ate ata aaa aaa aag tta aaa tga aaa aca aat 



2342 



2372 



atg ggt ctg gaa ggc cat tat ttt ttt ttt att tat ata ceg ttt etg gta ctt agt tat 
2402 2432 

tta ttc tea tac ata cac tat att caa att acc taa gag cat ttt cac ata tec gtt tac 
2462 2492 

ttt cat ttt ttt ttt ttt tgc ttc ctt ttt aca tat etc ceg tat ate aca tea cgt tta 
2522 2552 

cgc gta tgg tga aac acg tea aga gaa aaa tga taa aat caa act ttg att tac ate agg 
2582 2612 

etc cac agg aca ggg aaa tct ate tag tga ggc gat aac tgt agt teg atg tac tea ttt 
2642 2672 

gaa ctg gac aaa ttg aaa att gag ctg aaa aca tgg gag cat gat ttc att gat aaa aat 
2702 2732 

aaa agg gaa cce aca agg gat gac ate aag age ctg egg act gtt egg cag atg tac aaa 
2*^62 2792/931 

caa tat tec aca etg aag ^^ag aaa caa tct ttg caa cga caa aaa gtt gac act caa gag 
2822 2852 

teg gtt gaa etc ceg gca cat aaa aaa gac cac gac gaa gtc gta gag ata ggc ect act 
2882 ■ 2912 

ecc caa gtt tac ggt- aag gcg att ,agt:;.a'^c ttt gac atg aat ttg teg ect ata aag ect * 
2942 \ \ 2972 ' - , .. 

ata tac atg aca ttc aca aat aat att gat gtt aac aat gat a&c tee aag aca att tct 
3002 ; i ' > I . 3032 

aat gaa tct tct eca cga aaa act att ccte eta aaa teg teg ect gca gga atf cga tat 

3062 i ; • ' ' ^ .* ' . • 

caa get tat cga tac cgt cga' . • 
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